Watershed planning in Central Iowa: an integrated assessment of the Squaw Creek Watershed for prioritization of conservation practice establishment by Wendt, Ashley Anne
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
2007
Watershed planning in Central Iowa: an integrated
assessment of the Squaw Creek Watershed for
prioritization of conservation practice
establishment
Ashley Anne Wendt
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Ecology and Evolutionary Biology Commons, Environmental Sciences Commons,
and the Hydrology Commons
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University Digital
Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Wendt, Ashley Anne, "Watershed planning in Central Iowa: an integrated assessment of the Squaw Creek Watershed for prioritization
of conservation practice establishment" (2007). Retrospective Theses and Dissertations. 15098.
https://lib.dr.iastate.edu/rtd/15098
 i
Watershed planning in Central Iowa: An integrated assessment of the Squaw Creek Watershed 
for prioritization of conservation practice establishment   
 
 
by 
 
 
Ashley Anne Wendt 
 
 
 
 
A thesis submitted to the graduate faculty 
 
in partial fulfillment of the requirements for the degree of 
 
MASTER OF SCIENCE 
 
 
 
 
Major:  Environmental Science 
 
Program of Study Committee: 
Thomas M. Isenhart, Co-major Professor 
Richard Schultz, Co-major Professor 
James Colbert 
 
 
 
 
 
 
 
 
 
 
 
 
 
Iowa State University 
 
Ames, Iowa 
 
2007 
 
Copyright © Ashley Anne Wendt, 2007.  All rights reserved. 
 
 
UMI Number: 1446134
1446134
2007
UMI Microform
Copyright
All rights reserved. This microform edition is protected against 
    unauthorized copying under Title 17, United States Code.
ProQuest Information and Learning Company 
300 North Zeeb Road
P.O. Box 1346
     Ann Arbor, MI 48106-1346 
 by ProQuest Information and Learning Company. 
 ii
Table of Contents 
 
Abstract           iv 
 
Chapter 1.  General Introduction        1 
 Background information         1 
 Project description         2 
 Utility and purpose for watershed assessments      3 
 Components of the Squaw Creek Watershed assessment    3 
 Study watershed         4 
 References          9 
 
Chapter 2.  A watershed-scale inventory to identify erosion concerns  
throughout the Squaw Creek Watershed       11 
 Introduction          11 
 Methods          12 
 Results and Discussion         17 
 Summary          28 
 References          29 
 
Chapter 3.  Stream corridor assessment within the Squaw Creek Watershed   31 
 Introduction          31 
Methods          33 
 Results and Discussion         36 
 Turning results into recommendations       42 
 Summary          49 
 References          50 
 
Chapter 4.  Utilizing terrain indices to appropriately place riparian buffers  
within the Squaw Creek Watershed        51 
 Introduction          51 
 Riparian buffers          51 
 Stream management unit development       52 
 Terrain analysis          55 
 Revised Universal Soil Loss Equation (RUSLE)      55 
 Topographic Wetness Index (TWI)       58 
 Landuse          59 
 iii
 Project overlay          60 
 Results           63 
 Discussion          64 
 References          67 
 
Chapter 5.  Utilization of the IOWATER program to assess water quality parameters  
within the Squaw Creek Watershed        69 
 Utility of water quality testing in watershed assessments     69 
 Background of the IOWATER program       70 
 Methods          71 
 Results           74 
 Discussion          77 
 References          86 
 
Chapter 6.  General Conclusion        88 
 
Acknowledgements           90 
 
 iv
Abstract 
 
Non-point source pollutants are a dominant threat to aquatic ecosystems in agriculturally dominated 
watersheds of the Midwest.  Erosion and run-off from crop fields not only lowers the productivity of 
the field, but also transports sediment and attached nutrients or other agri-chemicals to receiving 
waters.  In-field and edge-of-field best management practices (BMPs) have long been recognized as 
efficient ways to alleviate sediment impacts; however, prioritizing placement of these BMPs is critical 
to efficiently utilize allocated resources.  A watershed assessment, utilizing the Iowa Department of 
Natural Resources (IDNR) Watershed Project Planning Protocol (WPPP) framework, was conducted 
on the Squaw Creek Watershed (SCW) in central, Iowa and included four assessment components.  
The first component inventoried land cover and tillage management practices throughout the 
landscape, allowing for calculation of erosion and sediment delivery estimates and highlighting 
sources of sediment.  The second component utilized the Rapid Assessment of Stream Conditions 
Along Length (RASCAL), to assess in- and near-stream assessment stream conditions, including 
riparian landuse and stream bank stability.  The third component utilized a geographic information 
system (GIS) and terrain indices to develop a riparian buffer placement tool to locate stream lengths 
intercepting high sediment loads and providing optimal conditions for the placement of riparian 
buffers.  The final component utilized the IOWATER volunteer water monitoring program to assess 
water quality parameters including nitrate-nitrogen, phosphate-phosphorus and E. coli.  Results from 
these four components were analyzed within the seven hydrologic unit code (HUC) 12 sub-
watersheds that make up the SCW.  This allowed the prioritization of sub-watersheds based on need 
for conservation practice establishment.  The Onion Creek sub-watershed was identified as 
potentially having high levels of delivered sediment with the prospect of benefiting from riparian buffer 
placement.  Other sub-watersheds identified as higher priority for conservation practice establishment 
were Montgomery Creek because of intensive grazing effects and Worrell Creek and Crooked Creek 
3 because of erosion concerns.  These results can direct further work within these sub-watersheds 
with the intention of implementing watershed improvement projects that will include placement of 
BMPs to alleviate the effects of NPS pollutants.
 1
Chapter 1.  General Introduction 
 
Background information 
Resource managers are faced with the challenge of conserving soil and maintaining the 
integrity of our surface and ground waters.  Water quality in streams and lakes is constantly 
threatened by excessive loads of nutrients, bacteria and sediment, all of which could impair 
ecosystem integrity (Waters 1995).  In agriculturally dominated landscapes such as the state of Iowa, 
these stressors predominately come from non-point sources (NPS) (Schultz 2004). Because non-
point source pollutants are not readily traced back to a particular source, watershed-scale 
assessments utilized to target these concerns are critical to prioritize management practices that 
protect or improve stream integrity.   
 To address NPS concerns, the Iowa Department of Natural Resources (IDNR) developed the 
State Non-point Source Management Program (2000), which outlines the state’s water resources, 
impacts of NPS pollutants, programs addressing NPS pollutants, and the nine key elements critical 
for successful implementation of a watershed plan.  This plan stresses the importance of watershed-
scale projects in order to assess conditions, identify problems, and target areas in the watershed that 
could benefit from best management practices (BMPs).  Out of this need, the Watershed Project 
Planning Protocol (WPPP) was developed through a partnership with Iowa DNR, USDA Natural 
Resource Conservation Service (USDA-NRCS) and Iowa Department of Agriculture and Land 
Stewardship (IDALS) (IDNR 2007) to direct watershed assessments in the state of Iowa.  Successful 
implementation and completion of such a watershed plan provides promise in addressing the issues 
of NPS pollutants.   
 The project described here adopted this WPPP to conduct an assessment of the Squaw 
Creek Watershed (SCW) in Webster, Hamilton, Boone, and Story Counties, IA.  Building on previous 
work, the protocol was further developed to address specific resource concerns in the SCW, the large 
watershed size, and the integration of new tools to assist in prioritizing practice implementation.  
Phase I of the WPPP included identification of local water quality concerns and establishing project 
objectives.  This phase was completed in 2005 and incorporated input from the Boone, Hamilton and 
Story County Soil and Water Conservation Districts (SWCDs), Prairie Rivers Resource Conservation 
and Development (RC&D), and other local stakeholders.   This partnership was successful in 
acquiring a Watershed Protection Program Development Grant from the Iowa Department of 
Agriculture and Land Stewardship (IDALS) to conduct the watershed assessment on the SCW 
utilizing the WPPP format. 
Resources from this grant enabled work on Phase II of the WPPP, which included an 
inventory of sources of sediment and other potential impairments in the watershed and analysis of the 
acquired data.  From this, a proposed watershed plan is developed to reduce sediment delivery to 
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surface waters in the watershed.  Completion of the first two phases will set the stage for 
implementing the watershed plan as Phase III of the WPPP. 
 
Project description 
A comprehensive watershed assessment was conducted in the SCW to inventory land use 
and management, stream corridor integrity, and water quality and to identify areas that would benefit 
from application of best management practices.  The interagency Watershed Project Planning 
Protocol (WPPP) was utilized and further refined such that methods can be applied to large 
watersheds dominated by agriculture and threatened by NPS pollutants.  Results from the WPPP 
assessment  can be used to prioritize best management practices and to solicit potential funding 
through such programs as Section 319 of the EPA’s Clean Water Act, the Iowa Watershed 
Development and Planning Assistance Grant program, the Iowa Water Quality Loan Fund, the Water 
Protection Fund, the Iowa Watershed Protection Program Fund, the Iowa Financial Incentive Program 
and USDA supported programs such as the Environmental Quality Incentives Program (EQIP) and 
the Conservation Reserve Program (CRP).  These funding sources are used to assist in 
implementation of best management practices (BMPs) to address the effects of NPS pollutants on 
water quality and aquatic integrity and to direct future management of watersheds to reduce 
impairments.   
The watershed assessment was developed to assist both landowners and natural resource 
professionals in conservation planning.  Although conditions and environmental stressors may be 
diverse, the integrated approach of this assessment enables individuals to target concerns, whether 
these concerns are in the landscape or in the stream corridor directly.  Standardization of such a 
protocol will assist when prioritizing available funds for implementation of conservation practices.   
 This thesis is organized into six chapters.  Chapter one is a general introduction to the utility 
and purpose of watershed assessments, a description of the study area and a brief description of the 
four assessment components.  Chapters two through five describe the individual components of the 
assessment including:   
• a watershed-scale inventory of cropping practices and land cover to estimate sediment loss 
and delivery and identify areas of concern 
• a stream corridor assessment and methodology for targeting practice establishment within a 
large watershed 
• a description of methods to efficiently target riparian buffer placement  
• a water quality assessment of SCW utilizing the IOWATER volunteer water monitoring 
program 
Finally, the sixth chapter draws general conclusions about the protocol.  Data presented in this thesis 
will be described in metric and English units within the text, however, for purpose of tables, charts and 
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figures, English units only will be utilized to serve better the purpose of the project.  This provides the 
data to cooperating conservation districts and stakeholders in a more usable format.   
  
Utility and purpose for watershed assessments 
Prioritization of sensitive areas in a watershed for conservation practice establishment has 
become increasingly important because of budget constraints on conservation practice 
implementation (Tomer 2003).  Assessments must include the condition of the stream corridor along 
with the conditions of the upslope contributing area.  A watershed, defined as a topographic boundary 
which shares a common drainage, has become the standard scale when attempting to quantify the 
effects of the land use on a particular body of water, be it a stream, river or lake (US EPA 2005).  This 
is useful because it allows one to better track the movement of sediment and nutrients carried by the 
water through the landscape.   
 
Components of the SCW assessment 
The SCW assessment included four major components.  First, a field-based inventory of 
current land use, cover crop, tillage practices, management conditions and conservation practices 
was conducted.  These data were used to calculate total sediment load moving in the field and 
projected sediment delivered to the stream network.  This inventory also identified animal feeding 
operations, gullies, or other points of interest.  This portion of the assessment was conducted in the 
fall of 2006.   
The second assessment component utilized a new protocol developed by the IDNR and 
IDALS called Rapid Assessment of Stream Conditions Along Length (RASCAL).  This program was 
developed from the USDA-NRCS Stream Visual Assessment Protocol (USDA-NRCS 1998), which is 
a well documented methodology for assessing stream corridor conditions.  A Global Positioning 
System was used to track the assessment throughout the watershed and record locations of points of 
interest including cattle access points and tile outlets.  Because of the scale of this project, an aerial 
assessment was first conducted to identify landuse within the stream corridor in order to select a 
representative sample of stream lengths to survey.  RASCAL assessments were conducted within the 
SCW in spring 2007. 
The third assessment component was the development of a riparian buffer targeting tool.  
This utilized digital elevation models and terrain analysis to identify areas within the watershed 
potentially benefiting from riparian buffer establishment.  Terrain conditions were evaluated for the 
entire watershed, which targeted areas along the stream that potentially receive high amounts of 
runoff and that are appropriate areas for buffer establishment. This component builds on methods 
developed by Herring (2005), who developed a riparian buffer placement tool for watersheds 
throughout northeast Missouri.   
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The final component of the assessment was collection of water quality data from Squaw 
Creek and its tributaries.  This was accomplished through the use of IOWATER volunteers, who are a 
group of trained volunteer water samplers organized through IDNR.  Squaw Creek already had over 
twenty IOWATER samplers collecting data at numerous sites throughout the watershed.  Two 
sampling days were scheduled in coordination with state-wide IOWATER sampling events in October 
2006 and May 2007.  Data collected from these events provided the assessment with credible data 
on the water quality parameters of E.coli, nitrate-nitrogen, ammonia-nitrogen, and phosphate-
phosphorus.   
The four components of this assessment provided a comprehensive evaluation of the 
watershed, and developed a protocol that can be utilized in other watersheds of comparable scale.  
Results from the findings highlighted sensitive areas within the watershed.  Through the partnership 
with the three SWCDs, Prairie Rivers RC&D and local landowners, these sensitive areas can be 
targeted for conservation practice establishment.     
 
Study watershed 
The SCW covers nearly 60,000 hectares (147,000 acres) in central Iowa, including parts of 
Boone, Hamilton, Story and Webster Counties (Figure 1.1).  Classified as a 10 digit Hydrologic Unit 
Code (HUC) watershed (0708010503) (USGS 1982), Squaw Creek drains into the South Skunk River 
at Ames, Iowa, which after meeting with the North Skunk, discharges into the Mississippi River in 
southeast Iowa.  Within the SCW, the landscape is predominately rural, but does include the towns of 
Stratford, Stanhope and Gilbert, and the larger urban area in the city of Ames, which is the home of 
Iowa State University.  There are over 290 km (180 miles) of stream channel that is split between the 
main stem and numerous tributary networks.  The northernmost channels are predominately 
managed by organized drainage districts, which are constructed or managed channels throughout the 
landscape to handle subsurface tile drainage.  At its mouth, Squaw Creek is a 4th order stream, as 
defined by the Strahler-order classification (1952).   
Thirty-two kilometers (20 miles) of the main channel leading to the mouth have been 
classified as Class B(LR), a limited resource warm water stream supporting aquatic life.  This 
designation was found to be fully supported by 2002 and 2004 fish and benthic surveys (IDNR 2004).  
The remaining stream lengths are currently designated as general use, and only narrative water 
quality criteria are applicable.  However, the IDNR is currently undertaking a comprehensive 
reclassification of general use streams, in which all perennial streams will now have the highest 
designated use classification.  This implies that the waterbody is used for recreation, aquatic life, 
drinking water or any combination of the three and will stay at that level of protection unless proven 
otherwise (IDNR 2006).  Under the proposed classifications, the vast majority of the stream length in 
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Figure 1.1.  Squaw Creek Watershed and major tributaries in Boone, Hamilton, Story and Webster 
Counties, Iowa 
 
Hamilton County 
Boone County
Story County 
Webster County 
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the SCW will be designated as Class B(LR).  Currently, no part of Squaw Creek is defined as an 
impaired body on the EPA 303(d) list.   
 The SCW is entirely located on the Des Moines Lobe (Figure 1.2), which is characterized by 
its low topographic relief and poor surface drainage (USDA 2006) (Figure 1.3).  Advancement of the 
Des Moines Lobe was the last glacial activity to occur in the state of Iowa and remaining ice sheets 
melted away between 11,000 and 12,000 years ago (Prior 1991).  This relatively recent geologic 
activity left rich deposits of glacial till with no overlying loess.  The Clarion-Nicollet-Webster soil 
association is the most predominant association throughout the SCW and all three soils are classified 
as Mollisols, with a distinct thick dark A horizon (Griffith 1994).  High fertility of these soils stems from 
the extensive organic matter left from the historic prairie vegetation (Prior 1991).  To facilitate row-
crop agriculture within the Des Moines Lobe, extensive tile networks were established to artificially 
drain the prairie pothole wetlands that once covered the landscape (Griffith 1994).  The soil series 
that make up these upland depressions or drainageways are the Webster, Canisteo, Harps and 
Okoboji, all associated with poor drainage.  Within riparian areas, the local alluvium has formed the 
Coland-Spillville-Zook soil association.   
Manipulation of the land within the SCW has resulted in the dominance of production 
agriculture focused in corn and soybean rotations.  Furthermore, there has been an increase in 
confinement feeding operations for swine.  In addition, many lengths of the creek and its associated 
tributaries are being grazed by cattle, sheep and horses.  Erosion from fields and stream banks into 
Squaw Creek and its tributaries has been a growing concern.  These agricultural pressures along with 
the large urban center of Ames, Iowa including the Iowa State University campus, has increased the 
awareness of the stream’s health.  Determining high priority areas in need of conservation practices 
is necessary to wisely assign conservation funds available to the watershed.   
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Figure 1.2.  Major land resource areas (MLRA USDA 2006) in Iowa and location of the Squaw Creek 
Watershed in Boone, Hamilton, Story and Webster Counties, Iowa
 8
Figure 1.3.    National Elevation Data (NED) model in feet for Squaw Creek Watershed in Boone, 
Hamilton, Story and Webster Counties, Iowa (USGS 1999) 
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Chapter 2.  A watershed-scale inventory to identify erosion concerns throughout the 
Squaw Creek Watershed 
 
Introduction 
Agricultural run-off carrying sediment and attached nutrients and pesticides is a major non-
point source pollutant and is a common cause for impairment in agriculturally dominated landscapes 
(Lowrance 2002).   Soil erosion that occurs by the movement of water is a double threat, because not 
only does the landscape lose valuable soil resources, but soil and soil-born constituents have the 
potential to pollute surface waters.  Sediment and sedimentation have been recognized by the US 
EPA as the leading causes of waterbody impairments nationwide (2003) and have been cited as 
causes for impairment on Iowa’s Clean Water Act Section 305(b) Water Quality Assessments and 
Section 303(d) Impairment Lists.  Excessive sediment disrupts aquatic life and ecosystems and can 
inhibit waterbody usage including navigation, recreation and drinking water supply (US EPA 2006).  
Identifying sources of sediment in a watershed is critical to appropriately place best management 
practices (BMPs).  As part of Phase II of Squaw Creek Watershed’s (SCW) Watershed Project 
Planning Protocol (WPPP) (IDNR 2007), physical aspects of the watershed were inventoried and 
assessed to determine the magnitude of delivered sediment to Squaw Creek and to identify areas of 
greatest concern.   
This assessment is a component of the WPPP being utilized to direct an assessment of the 
SCW in Boone, Hamilton, Story and Webster Counties, Iowa.  Building on previous work, the protocol 
was adapted to address specific resource concerns in the SCW, the large scale of the project, and to 
integrate new tools to assist in prioritizing conservation practice implementation.  Phase I of the 
WPPP included identification of local water quality concerns and setting of objectives.  This phase 
was completed in 2005 from input incorporated from the Boone, Hamilton and Story County Soil and 
Water Conservation Districts (SWCDs), Prairie Rivers Resource Conservation and Development 
(RC&D), and other local stakeholders.   This partnership was successful in acquiring a Watershed 
Protection Program Development Grant from the Iowa Department of Agriculture and Land 
Stewardship (IDALS) to conduct a watershed assessment on the SCW utilizing the WPPP format. 
The land cover inventory and erosion estimates described in this chapter further developed Phase II 
of the SCW’s WPPP. 
To inventory land cover throughout the SCW, a watershed assessment tool created by the 
Iowa Department of Natural Resources (IDNR) was adopted.  The watershed inventory allowed 
calculation of total soil loss from sheet and rill erosion, estimated with the Revised Universal Soil Loss 
Equation (RUSLE) all within a geographic information system (GIS).  RUSLE has proven to be an 
effective tool to calculate gross sheet and rill water erosion expressed in tons of soil erosion per acre 
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annually (Renard 1991).  Studies conducted by Fernandez (2003) and Yitayew (1999) have utilized 
RUSLE in a GIS framework and have shown the utility of the methodology.   
With this equation, one can identify areas throughout the watershed where soil loss is greater 
than which the land can support, defined as the tolerance, or T factor.  The original Universal Soil 
Loss Equation (USLE) calculated erosion taking into account rainfall and erosive potential for the 
area, the erodibility of the soil, local relief and slope and cropping practices.  A refinement that made 
the RUSLE equation more comprehensive was the revision of the C-factor, or cover management 
factor.  This value takes into account not only the landuse (either cropped or permanent cover), but if 
cropped, the way that field and its crop residue was managed.   
Sediment delivery ratios (SDR), which determine the potential sediment load reaching the 
stream network, can then be applied to gross erosion values estimated by RUSLE.  SDR values were 
derived from guidance in the Natural Resource Conservation Service (NRCS) Erosion and Sediment 
Delivery guide (1998), which were developed from the United States Department of Agriculture 
(USDA-DSC) National Engineering Handbook, (1983).  Lu (2005) and Yitayew (1999) have both 
utilized SDRs in their respective watersheds to estimate sediment delivery and to locate sources 
within the watersheds that have contributed to these loads.  Results in this study will be used to 
prioritize areas in the watershed that could benefit from the implementation of BMPs. 
 
Methods 
The watershed assessment tool developed by the IDNR is an ArcView 3.2 GIS program that 
utilizes a common land unit (CLU) boundary file.  A CLU was defined as the smallest unit of land with 
a common land cover and land owner.  Because the available file was slightly outdated, a new field 
boundary file was developed in GIS by digitizing 2005 National Agriculture Imagery Program (NAIP) 
orthophotos provided by the USDA Farm Service Agency (FSA).  Farm fields that appeared to be in 
common vegetation (example, corn or soybeans) were digitized into individual fields, as were 
farmsteads, ponds and riparian corridors.  The shapefile created produced a workable file in the field 
based on the assumption that land in one particular landuse, be it crops or permanent cover, would 
likely be in the same use the following year.   
Data was collected during the 4th week in November 2006.  This was scheduled to allow 
enough time for producers to harvest crops and conduct any fall tillage.  The field boundary shapefile 
and 2005 orthophotos were loaded into the IDNR watershed assessment tool, along with a road and 
stream layer to provide points of reference while traveling throughout the watershed.  This program 
ran on a tablet PC for ease of use in the field.  Each individual field in the field boundary shapefile had 
a database form incorporating landuse, cover vegetation, tillage practice, residue management and if 
any conservation practices were within the field.  All collected data were stored in the shapefile’s 
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attribute table.  The inventory was conducted throughout the entire watershed with the exception of 
the city of Ames.   
To complete RUSLE calculations, the edited CLU shapefile was brought into ArcMap for 
processing.  Within the CLU attribute table, additional columns were added for calculation of the 
acres within each field, and for the R, K, LS, C and P values of the RUSLE equation.   
A = R * K * LS * C * P where: 
 A = estimated average soil loss in tons acre-1 year-1 
 R = rainfall-runoff erosivity factor 
 K = soil erodibility factor 
 L = slope length factor 
 S = slope steepness factor 
 C = cover management factor 
 P = support practice factor 
The USDA-NRCS field office technical guide provided assistance in erosion prediction by outlining 
each variable and instructing the user as to how to get the corresponding value for their study site 
(2002).   
 The R factor was a given value based on the county-wide estimate.  For the SCW this value 
equates to either 150 in Webster and Hamilton Counties or 175 in Boone and Story Counties.  This 
value factored the amount of average rainfall that had the potential to create run-off.  The K factor 
was a value provided in the soil survey (SSURGO) and Iowa Soil Properties and Interpretations 
Database (ISPAID) v.7.1 (2004).  This data was brought into ArcMap and average K values were 
determined for each individual field by generating a zonal statistics table based on soil series.  The K 
factor is a measure of the soil’s ability to erode.  The LS values were acquired and generated in a 
similar fashion as K and are used to account for slopes and lengths of slopes in the field.  
To calculate the C factor, the watershed assessment land cover inventory was completed in 
the field.  Depending on the cover, tillage and residue management, specific values were given for 
the various situations as outlined in Table 2.1 (USDA-NRCS 2002).   The C factor was extremely 
variable depending on the type of cover and tillage and residue management that was conducted in 
the field.  This factor assumes less erosion with permanent cover and a higher erosion rate where soil 
is exposed.  Descriptions of these management situations are outlined in Table 2.2.  Finally, the P 
factor accounts for any conservation practices in the field that may reduce sediment loss.  At a 
watershed scale, these reductions are difficult to calculate, so in order to keep P in the equation; it 
was given a value of 1.  This is a common method for a project at a watershed scale, as the P factor 
is meant to be applied at a field-scale.  It was agreed upon by the SWCD’s and project stakeholders, 
that although not using the P factor may over-estimate actual erosion, the erosion capturing potential 
of such conservation practices were too difficult to quantify.   
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Table 2.1.  C-factor values for given landuse practices used within the Revised Universal Soil Loss 
Equation for the Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
(USDA-NRCS 2002) 
Cover Tillage Management Value 
Corn after Beans No Till Good 0.047      
Beans after Corn No Till Good 0.028 
Corn after Beans No Till Average 0.056      
Beans after Corn No Till Average 0.034 
Corn after Beans Mulch Till Good 0.15        
Beans after Corn Mulch Till Good 0.08 
Corn after Beans Mulch Till Average 0.17         
Beans after Corn Mulch Till Average 0.095 
Corn after Beans Mulch Till Poor 0.19        
Beans after Corn Mulch Till Poor 0.12 
Corn after Beans Conventional Till Average 0.26         
Beans after Corn Conventional Till Average 0.20 
Corn after Beans Conventional Till Poor 0.26 
Beans after Corn Conventional Till Poor 0.20 
Corn after Corn Mulch Till Good 0.075 
Grassland   0.001 
Hayfield   0.005 
Timber   0.004 
Grazed Timber   0.02 
Pasture   0.02 
Farmstead   0.005 
Urban/Residential   0.005 
Commercial/Industrial   0.005 
School   0.005 
Test plot   0.17 
Cemetery   0.005 
Pond/Wetland/Waterway   0.005 
Quarry   0.005 
Development   0.005 
Golf Course   0.005 
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Table 2.2.  Definitions of C-factor management situations used within the Revised Universal Soil Loss 
Equation for the Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
(USDA-NRCS 2002) 
Tillage management Residue management Definition 
No Till Good No tillage has occurred on field at time 
of assessment, greater than 60% 
residue cover 
No Till Average No tillage has occurred on field at time 
of assessment, less than 60% residue 
cover 
Mulch Till Good Conservation tillage has occurred on 
field at time of assessment, leaving 
greater than 40% residue cover 
Mulch Till Average Conservation tillage has occurred on 
field at time of assessment, leaving 30% 
residue cover 
Mulch Till Poor Conservation tillage has occurred on 
field at time of assessment, leaving less 
than 30% residue cover 
Conventional Tillage Average Tillage practices have occurred, which 
resulted in nearly complete soil 
exposure and almost no residue cover 
Conventional Tillage Poor Tillage practices have occurred, which 
resulted in complete soil exposure and 
no residue cover 
 
Once values were assigned for each element within the RUSLE equation, a RUSLE value for 
each field was calculated by finding the product of R*K*LS*C*P.  This number expresses average soil 
loss per acre annually over the entire field.  To estimate total soil loss per year, the RUSLE value is 
multiplied by the total number of acres in the field.  Total soil loss calculated from this equation only 
takes into account rill and interrill overland flow erosion and does not include gully erosion from the 
upslope contributing area.  A large assumption in this equation is that input values of each factor 
accurately represent the conditions found in the field (Renard et al., 1991).  This becomes most 
important with the R, K and LS factors, which are commonly estimated from generalized data tables 
and soil maps.  To ensure the most accurate calculations, the C and P factors should be determined 
by field inspection.   
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 The final step was to determine the amount of erosion delivered to the stream network.  This 
factor, known as the Sediment Delivery Ratio or SDR, was developed by the USDA-NRCS and is 
outlined in the field office technical guide chapter entitled Erosion and Sediment Delivery (1998).  
Represented as a percent, it illustrated the efficiency of the watershed in moving soil particles from 
the site of detachment to a given site of deposition (USDA-NRCS 1998).  An SDR can be applied to 
gully and streambank erosion, but for the purposes of this study, was only applied to the sheet and rill 
erosion calculated from RUSLE.   
 Factors influencing sediment delivery include drainage area, land use, soil particle size, 
channel density, topography and sediment source (USDA-NRCS 1998).  Baseline SDRs are 
determined initially by the drainage area and landform region in which the watershed is located.  
Because conditions can be quite diverse throughout a watershed the size of Squaw Creek, an SDR 
was developed for each HUC 12 sub-watershed.  Associated Hydrologic Unit Codes for the seven 
sub-watersheds are outlined in Table 2.3.  These seven watersheds ranged in size from 4500 
hectares to nearly 11,000 hectares (11,000 acres to nearly 27,000 acres).  Located on the Des 
Moines Lobe, the following equation provided by the IDNR was used to calculate the initial SDR. 
   b*(mi2^m) = SDR where b = 6.6943, m = -0.1743 
 
Table. 2.3.  HUC 12 sub-watershed names, code, area, length of channel, average slope and relief 
within the Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
Watershed name Hydrologic Unit 
Code (HUC) 
Area  
(in acres) 
Stream 
length  
(in miles) 
Average 
slope  
(in degrees) 
Local relief 
(in feet) 
Drainage Ditch 192 070801050301 22985 19.8 2.37 139.19 
Crooked Creek 2 070801050302 11103 9.6 2.49 112.75 
Crooked Creek 3 070801050303 26132 43.9 4.84 305.07 
Montgomery Creek 070801050304 21296 33.8 4.07 306.22 
Lundys Creek 070801050305 25062 33.7 3.60 222.83 
Onion Creek 070801050306 11843 21.9 3.62 291.03 
Worrell Creek 070801050307 13971 32.0 3.58 255.79 
 
 The SDR can also be modified to adjust for the characteristics of the individual watershed.  
The first modifier is watershed shape.  A long watershed with a narrow width (2 to 1 ratio) has a 
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greater ability to move water and sediment because of concentration along the main channel.  In this 
case, the original SDR would be modified by +2.  Other watershed shapes, such as a 1 to 2 length to 
width ratio would modify the SDR by -2 because of the increased trapping efficiency in a wider 
watershed.  A second modifier is based on the predominant topography or slope in the watershed.  
This is determined by the average slope class in the landscape and ranges from  an SDR of -4 in flat 
A slopes to +4 in steep E slopes.  A third modifier is channel density and is calculated by adding the 
channel length in feet and dividing it by acres in the watershed.  A channel density of 0-50 yielded a 
modifier of -2 and ranged up to greater than 200 with a modifier of +4.  A fourth modifier describes the 
condition of the channel, non-incised (+0), incised (+2) and deeply incised (+4).  Finally, the 
integration of the drainage network can modify the SDR by +2 if it is integrated (connected) and by -2 
if it is non-integrated.  SCW’s HUC 12 sub-watershed SDR values are outlined in Table 2.4. 
 
Table 2.4.  Sediment delivery ratios (SDRs) for Squaw Creek Watershed’s HUC 12 sub-watersheds 
within Boone, Hamilton, Story and Webster Counties, Iowa 
  Modifiers  
Watershed Initial Watershed Predominant Channel Channel Drainage Final 
  SDR shape topography density condition   SDR 
Drainage Ditch 192 3.57 +1 -1 -2 +2 +2 5.57
Crooked Creek 2 4.05 +2 -1 -2 +2 +2 7.05
Crooked Creek 3 3.49 0 -1 -2 +2 +2 4.49
Montgomery Creek 3.62 +1 -1 -2 +2 +2 5.62
Lundys Creek 3.50 0 -1 -2 +2 +2 4.50
Onion Creek 3.93 +2 -1 -2 +2 +2 6.93
Worrell Creek 3.58 +2 -1 -2 +2 +2 6.58
 
Results and Discussion 
Land use in the SCW is dominated by row crop agriculture (Figure 2.1).  On average, 82.4% 
of the acres surveyed were classified as row crop, 12.6% as permanent cover and 5% as other.  
Permanent cover was defined as timber, grassland, hayfield or grazed grass or grazed timber.  Other 
acres include farmsteads, residential or industrial areas.  
Land use by HUC 12 sub-watersheds is shown in Table 2.5.  As a percentage of total acres, 
sub-watershed Drainage Ditch 192 contained the greatest percentage of row crop acres at 89.6% 
(Figure 2.2).  Although almost half of those acres (49.2%) were no-till, this sub-watershed also had 
the most poorly managed mulch till acres (4.9%) (Figure 2.3).  Crooked Creek had the lowest 
percentage of acres in row crop (75.3%) and had the most in no-till (53.8%).  The other sub-
watersheds fell in between these two extremes, but other results that stood out were the low 
percentage of acres in no-till in Onion Creek (22.9%) and the presence of conventional tillage in 
Montgomery Creek (0.7%), something not found in the other watersheds. 
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Table 2.5.  Land cover distribution throughout Squaw Creek Watershed in Boone, Hamilton, Story 
and Webster Counties, Iowa.  ‘Crop acres’ and ‘permanent cover acres’ percentages based on total 
acres inventoried.  All other percentages based on the proportion of acres within each given category.   
a.  Corn/soybean rotation acreage  
Acres 
      
    No Mulch Till Conventional 
Sub-Watershed Total Total Crop Till Good Average Poor Till 
Drainage Ditch 192 22985 20597 10135 1497 7957 1008 0 
    89.6% 49.2% 7.3% 38.6% 4.9% 0.0% 
Crooked Creek 2 11103 9412 4809 730 3642 231 0 
    84.8% 51.1% 7.8% 38.7% 2.5% 0.0% 
Crooked Creek 3 26132 19677 10589 3442 5473 173 0 
    75.3% 53.8% 17.5% 27.8% 0.9% 0.0% 
Montgomery Creek 21296 16817 6825 3536 6011 332 114 
    79.0% 40.6% 21.0% 35.7% 2.0% 0.7% 
Lundys Creek 25062 20494 8734 3833 7318 610 0 
    81.8% 42.6% 18.7% 35.7% 3.0% 0.0% 
Onion Creek 11843 10251 2344 2446 5219 243 0 
    86.6% 22.9% 23.9% 50.9% 2.4% 0.0% 
Worrell Creek 13970 11144 2570 2030 6296 248 0 
    79.8% 23.1% 18.2% 56.5% 2.2% 0.0% 
 
b.  Permanent cover acreage 
Acres 
       
  Permanent       Grazed 
Sub-Watershed Total 
Cover 
Total Timber Grassland Hayfield Grass Timber 
Drainage Ditch 192 22985 1743 139 1368 151 74 11 
    7.6% 8.0% 78.5% 8.7% 4.2% 0.6% 
Crooked Creek 2 11103 1121 24 726 252 104 14.6 
    10.1% 2.1% 64.8% 22.5% 9.3% 1.3% 
Crooked Creek 3 26132 5629 831 1809 1928 923 138 
    21.5% 14.8% 32.1% 34.3% 16.4% 2.5% 
Montgomery Creek 21296 3657 697 1158 541 861 400 
    17.2% 19.1% 31.7% 14.8% 23.5% 10.9% 
Lundys Creek 25062 3058 1490 737 514 318 0 
    12.2% 48.7% 24.1% 16.8% 10.4% 0.0% 
Onion Creek 11843 995 255 641 35 64 0 
    8.4% 25.6% 64.4% 3.5% 6.4% 0.0% 
Worrell Creek 13970 1519 442 903 29 145 0 
    10.9% 29.1% 59.4% 1.9% 9.5% 0.0% 
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Figure 2.1.  Distribution of land cover as percentages of HUC 12 sub-watersheds in Squaw Creek 
Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
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Figure 2.2.  Distribution of land cover in HUC 12 sub-watershed’s within Squaw Creek Watershed in 
Boone, Hamilton, Story and Webster Counties, Iowa 
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Figure 2.3.  Distribution of crop management practices throughout HUC 12 sub-watershed’s of Squaw 
Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
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Percent of acres in permanent cover in the sub-watersheds varied from 7.6% in Drainage 
District 192 to 21.5 % in Crooked Creek 3 (Figure 2.4).  In five of the seven sub-watersheds, the 
dominant permanent cover type was grass.  Hay acres were the dominant permanent cover type in 
Crooked Creek 3 and timber was in Lundys Creek.  Both grass and timber pasture were the highest, 
based on percentage of total acres in permanent cover, in Montgomery Creek.   Acres in the “other” 
category ranged from 2.8% in Drainage Ditch 192 to 9.3% in Worrell Creek.  These ranges can be 
explained by a lower population base in the northern reaches of the watershed opposed to a higher 
population concentration in the south near Ames, Iowa.  
Calculated annual total soil loss for the SCW was 193,550 tons1, resulting in an average 
RUSLE value of 1.14 tons acre-1 year-1 (Figure 2.5).  Although this value was much below the 
tolerance factor (T) of 5 tons acre-1 year-1, it was not representative of extreme values of in excess of 
10 tons acre-1 year-1 in parts of the watershed.  Percentages of RUSLE values greater than 5 tons 
acre-1 year-1 for each sub-watershed are illustrated in Figure 2.6.  Sheet and rill erosion sediment 
delivery rates for the SCW, were 10,623 tons year-1.  Per acre, the watershed annually delivered 
0.084 tons to the stream.   Sediment loss, erosion and sediment delivery rates were broken down by 
the seven sub-watersheds and are represented in Table 2.6. 
                                                 
1 All RUSLE values are presented in ‘tons of soil loss acre-1 year-1’ to best serve the project needs 
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Figure 2.4.  Distribution of permanent cover throughout HUC 12 sub-watershed’s of Squaw Creek 
Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
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Table 2.6.  Erosion and delivered sediment for each HUC 12 sub-watershed 
 
a.  General sheet and rill erosion as calculated using RUSLE (USDA-NRCS 2002) and delivered 
sediment as calculated by USDA-NRCS SDR protocol (USDA-NRCS 1998)  
    
Potential sheet 
and rill erosion   Delivered 
Average 
sediment 
delivery 
Sub-Watershed Acres tons acre-1 year-1 SDR sediment-tons per acre 
Drainage Ditch 192 22985 26532 0.0557 1478 0.064 
Crooked Creek 2 11103 10749 0.0705 758 0.068 
Crooked Creek 3 26132 42698 0.0449 1917 0.073 
Montgomery Creek 21296 34305 0.0562 1928 0.091 
Lundys Creek 25062 36214 0.0450 1630 0.065 
Onion Creek 11843 22918 0.0693 1588 0.134 
Worrell Creek 13970 20134 0.0658 1325 0.095 
Totals 132391 193550   10623  
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 b.  Estimated erosion from RUSLE calculation summarized by >3, >5 and >10 tons acre-1 year-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  RUSLE >3   tons acre-1 year-1 
Sub-Watershed Acres 
Sheet and 
rill erosion 
(tons) 
Delivered 
 tons 
% of 
area 
Drainage Ditch 192 1702 6987 389 7.41%
Crooked Creek 2 464 1641 116 4.17%
Crooked Creek 3 3976 21758 977 15.22%
Montgomery Creek 3428 15578 875 16.10%
Lundys Creek 2947 13012 586 11.76%
Onion Creek 2406 10761 746 20.31%
Worrell Creek 1182 4850 319 8.46%
Totals 16105 74588 4008   
  RUSLE >5   tons acre-1 year-1 
Sub-Watershed Acres 
Sheet and 
rill erosion 
(tons) 
Delivered 
tons 
% of 
area 
Drainage Ditch 192 279 1758 98 1.22%
Crooked Creek 2 48 249 18 0.43%
Crooked Creek 3 2150 14711 661 8.23%
Montgomery Creek 891 6110 343 4.18%
Lundys Creek 811 5092 229 3.23%
Onion Creek 642 3941 273 5.42%
Worrell Creek 69 475 31 0.50%
Totals 4890 32336 1653   
  RUSLE >5   tons acre-1 year-1 
Sub-Watershed Acres 
Sheet and 
rill erosion 
(tons) 
Delivered 
tons 
% of 
area 
Drainage Ditch 192 32 326 18 0.14%
Crooked Creek 2 0 0 0 0.00%
Crooked Creek 3 113 1203 54 0.43%
Montgomery Creek 76 791 44 0.36%
Lundys Creek 589 725 33 0.23%
Onion Creek 14 172 12 0.12%
Worrell Creek 0 0 0 0.00%
Totals 294 3217 161   
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c.  Predicted delivered sediment summarized by <0.05, 0.05-0.1 and >-0.1 tons acre-1 year-1 
  
Revised Sediment Delivery  
<0.05 tons acre-1 year-1 
Sub-Watershed Acres Deliv. Loss % of area 
Drainage Ditch 192 12543 242 54.57%
Crooked Creek 2 6133 123 55.24%
Crooked Creek 3 14163 284 54.20%
Montgomery Creek 8820 204 41.41%
Lundys Creek 13194 256 52.65%
Onion Creek 3069 58 25.91%
Worrell Creek 4389 76 31.41%
Totals 62311 1242   
 
  
Revised Sediment Delivery  
0.05-0.1 tons acre-1 year-1 
Sub-Watershed Acres Deliv. Loss % of area 
Drainage Ditch 192 4749 351 20.66%
Crooked Creek 2 1840 138 16.57%
Crooked Creek 3 6025 424 23.05%
Montgomery Creek 6018 450 28.26%
Lundys Creek 6160 476 24.58%
Onion Creek 2444 193 20.64%
Worrell Creek 3000 218 21.48%
Totals 30237 2250   
 
  
Revised Sediment Delivery  
>0.1 tons acre-1 year-1 
Sub-Watershed Acres Deliv. Loss % of area 
Drainage Ditch 192 5692 885 24.77%
Crooked Creek 2 3130 498 28.19%
Crooked Creek 3 5944 1209 22.75%
Montgomery Creek 6458 1274 30.33%
Lundys Creek 5707 898 22.77%
Onion Creek 6331 1337 53.45%
Worrell Creek 6581 1031 47.11%
Totals 39843 7132   
 
Calculated sub-watershed sediment delivery estimates are compared against percentage of 
area in crop production in Figure 2.7.  When compared against land cover and cropping practices, it 
was clear that management in the fields greatly affected sediment load to the stream.  This analysis 
will assist conservation professionals in the future when prioritizing funds available to the SCW.  The 
following summary compares each HUC 12 sub-watershed (listed from north to south) and suggests 
management changes that will address the sediment and sedimentation issues throughout the 
watershed.   
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Figure 2.5.  Average sheet and rill erosion estimates (tons acre-1 year-1) for sub-watersheds within 
Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
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Figure 2.6.  Percentages of RUSLE values greater than 5 tons acre-1 year-1 for each sub-watershed in 
the Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
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Figure 2.7.  Distribution of land cover and estimated sediment delivery for HUC 12 sub-watersheds 
within Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
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Drainage Ditch 192 
 Nearly 23,000 acres were surveyed in this sub-watershed.  As discussed above, this sub-
watershed had the highest percentage of crop acres with the lowest percentage of acres in 
permanent cover.  Nonetheless, it had the lowest rate of delivered sediment per acre annually (0.064 
tons).  This contradiction can be explained by the low topographic relief in the landscape.   
 
Crooked Creek 2 
 This watershed is the smallest of the seven with just over 11,000 acres surveyed.  With 
nearly 85% of its acres in row crop and 51.1% of those in no-till, it had the lowest rate of sediment 
delivery per acre annually (0.068 tons).  In addition, Crooked Creek 2 had the lowest percentage of 
crop acres with RUSLE values greater than 3 tons acre-1 year-1 and none greater than 10 tons acre-1 
year-1.  
 
Crooked Creek 3 
 At over 26,000 acres, this sub-watershed is the largest of the seven but had the lowest 
percentage of row crop acres (75.3%).  In addition, it had the highest percentage of no-till acres and 
the lowest percentage of mulch till acres with poor residue management.  Furthermore, Crooked 
Creek 3 had the highest percentage of acres in permanent cover at 21.5%.  Although this sub-
watershed was one of the best managed, the relatively high terrain relief increased the chance of 
erosion reaching the stream, which resulted in 0.073 tons of sediment being delivered to Squaw 
Creek annually.  Furthermore, it had the highest percentage of acres with RUSLE values greater than 
5 and 10 tons acre-1 year-1, but had the lowest percentage of acres delivering greater than 0.1 tons of 
sediment to Squaw Creek each year.   
 
Montgomery Creek 
 Over 21,000 acres were surveyed in this sub-watershed.  With the second lowest percentage 
of row-crop acres (79%), it had the second highest percentage of acres in permanent cover (17.2%), 
however, over a third of those permanent cover acres were in pasture.  It’s relatively high per acre 
sediment delivery annually (0.091) can be explained by the fact that it was the only sub-watershed 
with conventional tillage and had the greatest percentage of grazed pasture within the permanent 
cover acres, which was heavily concentrated throughout the riparian areas 
 
Lundys Creek 
 At over 25,000 acres, Lundys Creek had the second lowest rate of delivered sediment to 
Squaw Creek per acre, annually (0.065 tons).  Distribution of cropping patterns were relatively 
average for the watershed, however, this sub-watershed ranked third in permanent cover and second 
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in acres in the other category.  Furthermore, the topography was relatively flat.  Like Crooked Creek 
2, Lundys Creek would be a lower priority for targeted conservation work.   
 
Onion Creek 
 As the second smallest sub-watershed at approximately 12,000 acres, Onion Creek had the 
second highest percentage of row crop acres (86.6%), but the lowest percentage of no-till acres.  In 
addition, it had the second lowest percentage of acres in permanent cover.  All of these factors 
contribute to the highest delivered sediment per acre annually (0.134 tons) in the watershed.  Also, it 
had the greatest percentage of acres that delivered over 0 .1 tons acre-1 year-1 to Squaw Creek.  
 
Worrell Creek 
 The southernmost sub-watershed, Worrell Creek, had less than 14,000 acres assessed.  A 
bulk of the eastern side of the watershed was within the city of Ames and was omitted from this 
survey.  With just under 80% of the total acres surveyed in row crop, the sub-watershed also had a 
relatively low percentage of acres surveyed in permanent cover (10.9%).  This resulted in a high 
percentage of acres in the “other” category (9.3%) and can be explained by its close proximity to 
Ames and the urban development on the western side of town.  The second highest annual sediment 
delivery to Squaw Creek (0.095 tons) can be explained by the low percentage of crop acres in no-till 
and the high amount in mulch till with average residue management.   
 
Summary 
Although throughout the SCW land cover can appear to be quite similar, close examination of 
individual HUC 12 sub-watersheds better represented conditions in the field.  Trends in tillage and 
residue management were evident in the estimated erosion and sediment delivery.  The calculation of 
sediment delivered per acre annually was especially illustrative because it was based upon a 
calculation that was specific to each sub-watershed and illustrated directly how land cover and relief 
affect sediment transport.   
 Topographic conditions in the landscape not only determine whether or not erosion will occur, 
but also to the extent and location of which it will be deposited.  High relief and slopes experienced in 
the central part of the SCW and to a lesser extent in the southern third of the watershed makes soil 
much more susceptible to erosion.  Furthermore, these extreme conditions also found throughout the 
riparian corridor, create instability in the banks and adjoining fields, all increasing the erosive 
potential.  These conditions are worsened if the land is not protected by permanent vegetative cover.  
The continuous cover inventoried in the SCW was often found in these riparian corridors; however, 
placement of perennial vegetation in the upland areas would be beneficial, especially in some of the 
more sensitive areas in the watershed experiencing relatively high local relief and slope.   
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 Tillage practices and cropping systems were found to be very important in the overall erosion 
estimates.  Residue left on fields can serve as a protective barrier for the soil when faced with 
conditions that could create run-off.  For that reason, conversion to no-till practices is the best way to 
secure soil in the field and to keep it from entering the stream.  It was shown in this study, that it is not 
the amount of crop acres within a watershed, but how they are managed that determines contribution 
to the sediment load in a system.  Coupling good crop management with well distributed areas of 
permanent cover is the best way to alleviate the effects of NPS pollutants, namely sediment, on 
aquatic systems.   
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Chapter 3.  Stream corridor assessment within the Squaw Creek Watershed 
 
Introduction 
To determine how landscape management affected stream corridor conditions within the 
Squaw Creek Watershed (SCW), a stream corridor assessment was conducted on randomly selected 
stretches of Squaw Creek and its major tributaries.  Assessment goals were to direct future 
watershed management to lessen the degradation of stream water quality and corridor health.  
Assessment at the stream corridor scale was important in achieving overall project goals of 
prioritizing conservation practice establishment throughout the SCW.   
The assessment is a component of the Watershed Project Planning Protocol (WPPP) (IDNR 
2007) being utilized to conduct an assessment of the Squaw Creek Watershed (SCW) in Boone, 
Hamilton, Story and Webster Counties, Iowa.  Building on previous work, the protocol was adapted to 
address specific resource concerns in the SCW, to address the large scale of the project, and to 
integrate new tools to assist in prioritizing practice implementation.  Phase I of the WPPP included 
identification of local water quality concerns and setting of objectives.  This phase was completed in 
2005 and incorporated input from the Boone, Hamilton and Story County Soil and Water 
Conservation Districts (SWCDs), Prairie Rivers Resource Conservation and Development (RC&D), 
and other local stakeholders.   This partnership was then successful in acquiring a Watershed 
Protection Program Development Grant from the Iowa Department of Agriculture and Land 
Stewardship (IDALS) to conduct a watershed assessment on the SCW utilizing the WPPP format. 
The stream corridor assessment described in this chapter further developed Phase II of the SCW’s 
WPPP.  
 Several stream corridor assessment protocols have been developed nationally, each focuses 
on a parameter of interest, for example, fish habitat or water quality.  One stream corridor 
assessment protocol frequently utilized is the Stream Visual Assessment Protocol, or SVAP, which 
was developed by the USDA Natural Resource Conservation Service (NRCS).  It has been widely 
used to assess conditions in lower-order streams and can be conducted by individuals with little to no 
scientific expertise in stream quality.  The utility of SVAP is great because of the ease of use and the 
minimal time commitment required.  Furthermore, it provides a numerical score for each site surveyed 
that not only allows determination of overall site integrity, but also allows ranking among sites.  
Metrics utilized within SVAP are outlined in Table 3.1.   Metrics that do not apply to a particular site do 
not affect the overall score because the total score is divided by the number of parameters scored.   
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Table 3.1.  Parameters assessed within a Stream Visual Assessment Protocol (USDA-NRCS 1998) 
Channel Condition Nutrient Enrichment Canopy Cover 
Hydrologic Alteration Barriers to Fish Movement Manure Presence 
Riparian Zone In-stream Fish Cover Salinity 
Bank Stability Pools Riffle Embeddedness 
Water Appearance Invertebrate Habitat Macroinvertebrates Observed 
 
 The Iowa Department of Natural Resources (IDNR) has adapted the SVAP to conditions 
encountered in Iowa through the creation of the assessment protocol Rapid Assessment of Stream 
Conditions Along Length, or RASCAL.  This assessment protocol is used to inventory in-stream and 
near-stream conditions and utilizes a global positioning system (GPS) unit and a modified ArcPad 
software program, which logs survey work and is easily transferable to a geographic information 
system (GIS).  In addition to the stream survey, the program also enables the user to log points of 
interest (tile outlets, cattle crossings) and to geo-reference photos taken in the field.  The ability to 
process data in a GIS makes the data more flexible than filling out paper forms for a traditional SVAP, 
and provides greater utility when assessing large watersheds such as the SCW.   
 However, assessing the entire stream corridor using RASCAL is prohibitive in large 
watersheds such as Squaw Creek, which has over 290 km (180 miles) of stream length.  In light of 
these needs, several land management agencies in other states are developing “rapid geomorphic 
assessments”.  In these assessments land cover within the stream corridor and relative riparian 
condition are initially determined by aerial reconnaissance of main stem and tributary channels.  
Aerial reconnaissance allows prioritization of more detailed assessment such as survey of channel 
gradient, photographs, and other metrics included in RASCAL.  
The SCW’s size did pose some difficulty when attempting to complete a comprehensive 
survey of its over 290 kilometers (180 miles) of stream.  In the attempt to narrow the scope of the 
survey, all stream channels located within drainage districts were eliminated.  These channels, often 
heavily modified in order to handle surface drainage tile flow, were managed by individual districts 
and for the purposes of this study were not a priority.  Removal of those stream lengths still left 240 
kilometers (150 miles) of channel to survey.   
 In order to further decrease the survey length, a randomized sample of stream lengths was 
needed.  That randomized sample, however, needed to be representative of the watershed and 
riparian corridor conditions that were present throughout Squaw Creek.  To divide the stream channel 
into manageable lengths, they were broken down by stretches of stream with common land 
ownership.  In order to determine the stream corridor’s landuse, however, a more careful examination 
was necessary.  The watershed assessment outlined in Chapter 2, provided some insight as to the 
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cover, but often riparian areas were difficult to see from the road or were blocked by the local terrain, 
because of this need, an aerial survey was justified.   
 
Methods 
To prioritize sites within the SCW for RASCAL assessment, aerial reconnaissance was 
conducted to classify riparian corridor landuse, locate areas of bank erosion and identify other areas 
of concern.  This assessment was patterned after aerial “rapid geomorphic assessment” techniques 
developed and used by the USGS in Illinois.  In these assessments, high resolution videography is 
captured at low altitudes over main channel and tributary networks with a GPS time stamp, which 
allows for creation of GIS shapefiles that are used to estimate dimensions such as length of eroding 
banks. The assessment was conducted on May 2nd, 2007 by a local flight service, Iowa Helicopter 
(Ankeny, Iowa).  Recent high waters made it easy to see the extent of recent flooding and 
subsequent erosion from the air.  In addition, scoured banks and debris in the channel showed areas 
of bank instability.  By the time the flight was conducted, flow had almost returned to seasonal norms, 
however it had to be conducted because the window of time to fly was closing because of vegetation 
leafing out, which inhibits aerial views.   
 In conducting the aerial reconnaissance, a videographer video taped the stream below and 
ran a GPS unit feed into the audio line of the camera using ShotMapper Deluxe (New Generation 
Video).  This feed embedded the GPS signal directly into the video tape.  During post-processing 
Delorme’s mapping software 3-D TopoQuads 2.0 was utilized to read the GPS signal and produce a 
location trail of the flight path.  When synchronized with the video, the GPS trail showed exactly 
where the video was shot.  This footage and location data allowed for an inventory of the riparian 
corridor landuse.  In addition, notes were taken and time referenced with the GPS to mark areas of 
severe erosion, cattle access, nick points or other areas of interest that were in view.   
 Once land use within the riparian corridor was classified, stream lengths were selected based 
on the proportion of individual landuse represented in the watershed.  Total length of stream surveyed 
was based on the length that was thought could be feasibly assessed in two weeks of field work using 
a combination of canoeing and walking.  Random selection of the stream lengths were generated by 
using Hawth’s Tools ‘Create Random Selection’ sampling extension within ArcMap.   
 Based on the aerial assessment, 47% of the riparian corridor was found to be in permanent 
vegetation, be it grass, timber or a combination of both.  The remaining 53% was in either row crops 
or grass or timber being grazed.  Utilizing those ratios, the random selection process resulted in 63 
stream segments, or 43.77 kilometers (27.2 miles) of permanent vegetation and 69 features or 49.73 
kilometers (30.9 miles) of row crop and pasture (Figure 3.1).  The next step was to obtain landowner 
permission to access land to be surveyed.  In coordination with the Boone, Hamilton and Story 
County Conservation Districts, landowner names were obtained and addresses acquired.   A mailing 
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was sent out May 29th, 2007.  Additional follow-up with landowners was conducted as needed.  
Stream surveys utilizing RASCAL began June 5th, 2007.  The main channel was surveyed by canoe, 
with the remaining stream lengths accessed by foot.  Survey of the stream took longer than expected, 
but was completed by June 22nd, 2007.   
 In conducting the assessment, layers created within the GIS that included streams, roads, 
Counties and surveying lengths were loaded into the GPS unit to serve as points of reference.  The 
RASCAL protocol instructs that surveys should be conducted along each stream stretch any time 
substrate, bank condition or livestock access changes.  When this is not feasible, an assessment is 
taken every 228.6 meters (750 feet).  For each assessment, the stream stretch just passed through is 
the length being surveyed, hence points are taken looking upstream.  An outline of assessed data is 
described in Table 3.2.  In addition, points of interest as listed in Table 3.3 were also recorded.  
Finally, georeferenced photos were taken at points of interest.   
 
Table. 3.2.  Parameters assessed while conducting Rapid Assessment of Stream Conditions Along 
Length in the Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
Stream Assessment Items 
Flow Left bank: Percent bare bank 
Stream habitat type Riparian zone width Average bank height 
Dominant substrate Riparian zone cover Bank stability 
Channel condition Adjacent landuse Bank material 
Pool frequency Livestock access (yes or no) Comments 
Canopy cover Right bank: 
Embededness Riparian zone width
In-stream habitat Riparian zone cover
Losing flow (yes or no) Adjacent landuse
 Livestock access (yes or no)
 
Table. 3.3.  Points of interest inventoried while conducting Rapid Assessment of Stream Conditions 
Along Length in the Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
Points of Interest   
Bank erosion Drainage ditch Storm sewer 
Beaver dam Drums/barrels Stream sink 
Boating access Fence across stream Stream crossing (animal) 
Bridge Gully minor Stream crossing (machinery) 
Concrete/rock waste Gully severe Suspicious activity 
Confluence Manure Tile outlet 
Construction activity Metal/cars Trash--other 
Culvert Nick point Unknown 
Dam/barrier Seep Wastewater 
Dead animal Sink hole Other--please describe 
Dead fish Spring Comments 
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Figure 3.1.  Stream lengths assessed with RASCAL protocol throughout the Squaw Creek Watershed 
in Boone, Hamilton, Story and Webster Counties, Iowa 
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Results and Discussion 
Stream reaches surveyed were very diverse, ranging from the Squaw Creek main channel 
down to the first order tributaries originating in fields and at the end of tile lines.  Nearly 350 RASCAL 
surveys were conducted on almost 100 kilometers (60 miles) of stream.  While the RASCAL protocol 
collects data for numerous metrics (Tables 3.2 and 3.3), for purposes of this study, only five main 
parameters will be discussed.  These include; dominant substrate, percent bare bank, bank height 
and livestock access, as they best represent conditions of concern within the SCW.  A summary of 
these five parameters within the entire survey area is provided in Table 3.4.  Results from two sub-
watersheds, Onion Creek and Montgomery Creek are further analyzed as individual case studies.  
These were chosen because of the erosion concerns that were found in Onion Creek (Chapter 2) and 
to analyze the impact that heavy grazing has in the riparian corridor of Montgomery Creek.  
 
Table 3.4.  Rapid Assessment of Conditions Along Length (RASCAL) metric summaries for 
assessments conducted within the Squaw Creek Watershed in Boone, Hamilton, Story and Webster 
Counties, Iowa 
 
 Survey 
Parameter Categories 
Substrate Boulder Cobble Gravel Sand Silt/Mud 
# of surveys : 340 17 31 94 156 42 
 5.0% 9.1% 27.6% 45.9% 12.4% 
      
Bank Stability Artificially Stable Stable Mod. Stable Mod. Unstable Unstable 
# of surveys : 346 4 41 168 103 30 
 1.2% 11.8% 48.6% 29.8% 8.7% 
      
% of Bank Bare  0-20% 20-40% 40-60% 60-80% 80-100% 
# of surveys : 346 150 106 47 28 15 
 43.4% 30.6% 13.6% 8.1% 4.3% 
      
Bank Height 0-3' 3-6' 6-10' 10-15' >15' 
# of surveys : 346 30 256 50 5 5 
 8.7% 74.0% 14.5% 1.4% 1.4% 
      
Livestock Access Yes No       
# of surveys : 346 77 269    
  22.3% 77.7%       
 
Onion Creek 
Over forty surveys were conducted within the Onion Creek sub-watershed (HUC 
070801050306), which covered nearly 15 kilometers (over 9 miles) of stream length.  Between the 
northern and southern branch of Onion Creek are over 35 kilometers (22 miles) of stream, 
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representing 42% of the stream surveyed.  The majority of the surveyed sites in Onion were first 
order streams.  As described in Chapter 2, Onion Creek was found to have the greatest annual 
sediment delivery from sheet and rill erosion of any sub-watersheds within the SCW.  Additional 
sediment could also be contributed by stream bank erosion.  To assess this concern, five parameters 
were assessed and results summarized in Table 3.5.   
 
Table 3.5.  Summary of Rapid Assessment of Conditions Along Length metrics surveyed within the 
Onion Creek Watershed in Boone and Story Counties, Iowa 
Survey 
Parameter Categories 
Substrate Boulder Cobble Gravel Sand Silt/Mud 
# of surveys:    42 1 3 13 20 5 
 2.4% 7.1% 31.0% 47.6% 11.9% 
      
Bank Stability Artificially Stable Stable Mod. Stable Mod. Unstable Unstable 
# of surveys:    42 0 2 28 9 3 
 0.0% 4.8% 66.7% 21.4% 7.1% 
      
% of Bank Bare 0-20% 20-40% 40-60% 60-80% 80-100% 
# of surveys:    42 20 17 3 2 0 
 47.6% 40.5% 7.1% 4.8% 0.0% 
      
Bank Height 0-3' 3-6' 6-10' 10-15' >15' 
# of surveys:    42 2 32 6 2 0 
 4.8% 76.2% 14.3% 4.8% 0.0% 
      
Livestock Access Yes No    
# of surveys:    42 4 38    
  9.5% 90.5%    
 
The dominant substrate throughout the surveyed reaches of Onion Creek was sand at nearly 
50%, followed by gravel and silt/mud.  At the time of the assessment, livestock access to the stream 
was only evident at about 10% of the sites.  Bank erosion was common, with only two lengths 
classified as having stable banks.  Predominately these banks were classified as moderately stable 
(66.7%) or moderately unstable (21.4%).  Three of the stretches surveyed had severely-eroding 
banks.  Nearly 90% of the banks surveyed, however, had less than 40% of the length eroding and 
over 80% of these banks were less than 1.8 meters or 6 feet tall.    
Although bank conditions within Onion Creek are an obvious concern, these conditions were 
relatively similar to the rest of the SCW.  Seventy-five points of interest were collected in Onion 
Creek, with two-thirds of those being sites of bank erosion.  Others included bridges, concrete and or 
rock waste, confluences, gullies, metal and or cars, stream crossings, tile outlets and one nick point.  
The stream bank concerns highlighted by the RASCAL assessment should be addressed in order to 
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lessen sediment load and other negative impacts to the stream.  Establishment of permanent 
vegetation in the riparian corridor would be an excellent way to do this, by establishing roots and 
minimizing access to the banks. Stabilizing the eroded lengths would lower the chance for increased 
deposition to the water.  Furthermore, by protecting the riparian corridor, the potential for treatment of 
the sediment loaded run-off reaching the stream would be beneficial.   
Analysis of all fifteen parameters from the RASCAL data for the lengths assessed in Onion 
Creek showed four lengths that stood out as priority areas.  Three of these were within the upper 
reaches of the northernmost branch and were flagged for various reasons including substrate, 
embeddedness and landuse.  The fourth stretch became a priority because of bank instability.  These 
lengths are highlighted in Figure 3.2.  Further prioritization of stream lengths would require a 
complete survey of the Onion Creek stream channel.   
 
 Montgomery Creek 
Over twenty kilometers (12.7 miles) of stream were surveyed within the Montgomery Creek 
sub-watershed (HUC 070801050304), which included over seventy surveys.  Included in this 
watershed are both Prairie and Montgomery Creeks, totaling nearly 55 kilometers (34 miles) of 
stream, of which 36 percent was sampled.  Prairie and Montgomery Creeks are classified as second-
order streams and join not far from Squaw Creek’s main channel, making Montgomery Creek a third 
ordered stream at it’s mouth.  The main concern for this sub-watershed as identified in chapter 2 
included the amount of livestock grazing, primarily in the stream corridor.  Traffic by cattle and other 
animals in and around the stream degrades bank stability and potentially adds nutrients and bacteria 
to the water.  The five main parameters from the RASCAL assessment are summarized in Table 3.6. 
The dominant substrate surveyed throughout Montgomery Creek was sand at over 50%, 
followed by gravel and silt/mud. This sub-watershed did have the highest percentage of lengths with 
boulder as the dominant substrate at nearly 10%.  Livestock access throughout Montgomery Creek 
was higher than any other sub-watershed, at nearly 60% of the sites with access.  Extensive bank 
erosion was identified at the surveyed sites, with less than 5% classified as stable and nearly 10% 
classified as unstable.  Furthermore, it had the second highest percentage of surveyed bank length 
that was moderately unstable compared to all other sub-watersheds surveyed.  Although over 50% of 
the banks had only 0-20% bare, over 10% had greater than 60% of the bare.  All banks surveyed 
were less than 1.8 meters or 6 feet tall. 
Bank erosion was identified as a concern for Montgomery Creek, especially because of the 
potential damage that can be done to the riparian corridor by livestock.  Over 160 points of interest 
were logged for this sub-watershed, with 140 of those being sites of bank erosion.  Other points of 
interest included beaver dams, confluences, metal waste, fences across the stream, gullies, tires, 
stream crossings and tile outlets.  In order to address the concerns highlighted by the RASCAL 
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survey, proper management of grazing systems is essential.  Limiting livestock access to the stream 
or construction of stable access points for the animals would greatly reduce the potential for stream 
bank degradation.  In addition, less grazing in these areas would allow vegetation to re-establish a 
healthy corridor.   
 
Table 3.6.  Summary of Rapid Assessment of Conditions Along Length metrics assessed in the 
Montgomery Creek Watershed in Boone County, Iowa 
Survey 
Parameter Categories 
Substrate Boulder Cobble Gravel Sand Silt/Mud 
# of surveys:  72 7 2 18 37 8 
 9.7% 2.8% 25.0% 51.4% 11.1% 
      
Bank Stability Artificially Stable Stable Mod. Stable Mod. Unstable Unstable 
# of surveys:  72 0 3 36 27 6 
 0.0% 4.2% 50.0% 37.5% 8.3% 
      
% Bare Bank 0-20% 20-40% 40-60% 60-80% 80-100% 
# of surveys:  72 37 17 10 5 3 
 51.4% 23.6% 13.9% 6.9% 4.2% 
      
Bank Height 0-3' 3-6' 6-10' 10-15' >15' 
# of surveys:  72 5 55 12 0 0 
 6.9% 76.4% 16.7% 0.0% 0.0% 
      
Livestock Access Yes No    
# of surveys:  72 42 30    
  58.3% 41.7%    
 
Analysis of all fifteen parameters from the RASCAL data for the lengths assessed in 
Montgomery Creek showed three lengths that stood out as priority areas.  All were flagged as 
priorities because of livestock access to the stream and the extensive stream bank erosion that is 
occurring, evident in bank stability, percent bare bank and bank height parameters.  These lengths 
are highlighted in Figure 3.3.  Further prioritization of stream lengths would require a complete survey 
of the Montgomery Creek stream channel.   
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Figure 3.2.  Priority stream lengths within the Onion Creek Watershed in Boone and Story Counties, 
Iowa determined by RASCAL assessment 
 41
Figure 3.3.  Priority stream lengths within the Montgomery Creek Watershed in Boone County, Iowa 
determined by RASCAL assessment  
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Turning results into recommendations 
A major hurdle with the results from a RASCAL assessment, especially for large watersheds, 
is to analyze the extensive data set and transform results into management recommendations.  IDNR 
and IDALS - Division of Soil Conservation have partnered to develop a post-processing protocol for 
raw RASCAL data.  After the data has been collected, individual analyses are conducted on select 
parameters.  Using substrate as an example, the stream would be broken into segments that share a 
common classification, such as bedrock, cobble, gravel, sand or silt/mud.  These would then be 
further generalized into a small number of segments that represent a dominant substrate.  After this is 
done for each selected parameter, all parameters are then overlaid and the segments are grouped to 
illustrate common conditions in the stream and riparian corridor.  Finally, threats to stream integrity 
are identified for each segment and treatments recommended.  This process is outlined on a small 
scale for one section of Montgomery Creek within the SCW in the following figures (Figure 3.4-3.8). 
This analysis resulted in dividing the stream segment into three shorter lengths.  The 
northernmost branch, categorized as management segment 1, had a dominant substrate of sand.  
Livestock did have access to this segment, and the stream banks were unstable.  Furthermore, the 
banks were over 50 percent bare, with some as much as 100 percent bare, with bank height ranging 
from 1-3 meters (3-10 feet) tall.  This segment stood out because of the livestock access and bank 
instability and would require managed grazing practices and bank stabilization to improve the stream 
integrity.   
Management segment 2 in the central part of the stream length was also dominated by a 
sandy substrate.  Cattle did not have access to the stream and the banks were moderately stable.  
Less than 20 percent of the banks were eroding and nearly all were 1-2 meters (3-6 feet) tall.  As per 
assessment results, this section of stream corridor had fairly high integrity.   
The last length, management segment 3, also had livestock access, but had moderately 
stable banks and a gravel substrate.  Bank erosion was not a major concern, with most banks less 
than 20 percent bare and none over 2 meters (6 feet) tall.  Carefully managed grazing or limiting 
stream access would be recommended for this segment to prevent further riparian corridor 
degradation.  Combining these RASCAL results with erosion and sediment delivery estimates 
(Chapter 2), along with other terrain variables could further prioritize management within these 
segments.  This concept is similar to the approach taken during the development of the riparian buffer 
placement tool explained in Chapter 4, which utilizes the erosion estimates and topographic 
conditions to prioritize stream lengths that would benefit from riparian buffers.  
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Figure 3.4.  Stream segment classified by substrate type within Montgomery Creek Watershed in 
Boone County, Iowa (black lines break up lengths sharing a generalized common classification) 
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Figure 3.5.  Stream segment classified by livestock access within Montgomery Creek Watershed in 
Boone County, Iowa (black lines break up lengths sharing a generalized common classification) 
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Figure 3.6.  Stream segment classified by bank stability class within Montgomery Creek Watershed in 
Boone County, Iowa (black lines break up lengths sharing a generalized common classification) 
 
 46
Figure 3.7.  Stream segment classified by percent bare bank within Montgomery Creek Watershed in 
Boone County, Iowa (black lines break up lengths sharing a generalized common classification) 
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Figure 3.8.  Stream segment classified by bank height within Montgomery Creek Watershed in Boone 
County, Iowa (black lines break up lengths sharing a generalized common classification) 
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Figure 3.9.  Stream segment divided into three management categories according to similar 
conditions within Montgomery Creek Watershed in Boone County, Iowa  
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Summary 
Collection of site-scale data is an invaluable asset to a watershed assessment that cannot be 
matched by any remote technique.  Results from site-scale assessments can be utilized to verify 
interpretations made using other techniques, providing, confidence to overall assessment results.  
Although still in the developmental stages, RASCAL has streamlined stream corridor assessments.   
 Utilization of site-scale assessments such as RASCAL within large scale watersheds such as 
the SCW is difficult because of the substantial field time necessary to complete an entire watershed 
assessment.  In this assessment, only about a third of the total stream length of Squaw Creek and its 
tributaries was surveyed.  This allowed the assessment to only draw conclusions about the length of 
stream surveyed, not about the entire stream network.  Furthermore, the time necessary to analyze 
the data to produce recommendations for an entire watershed would be substantial.  Working with 
RASCAL on a smaller scale, such as within a HUC 12 sub-watershed surveying all lengths is highly 
recommended as it provides a more complete survey in less time.  To further prioritize Montgomery 
and Onion Creek, walking the entire stream channel would be recommended.   
 The selection of HUC 12 sub-watersheds for inventories can be done by reviewing the aerial 
survey conducted, which would allow prioritization for these site-scale assessments.  Concerns found 
in the video such as cattle access, streambank erosion or in-stream stressors would highlight areas 
needing further examination.  The GPS time stamp on the video is so critical for this reason in order 
to allow what is seen in the video to direct work in the field.  Combination of the aerial video and 
RASCAL surveys further prioritizes and assists conservation professionals to make sound decisions 
on placement of BMPs in the watershed.  In addition, the video can and will be in the future, further 
analyzed to quantify stream bank erosion. 
 The parameters inventoried within RASCAL provides a comprehensive assessment of 
conditions, however some of the categories within the parameters may need modification for specific 
watersheds.  Following are some suggestions for the RASCAL stream assessment tool: 
1. Stream habitat type needs to be better quantified as it may change frequently within a 
surveyed stretch in a diverse system like Squaw Creek (example, pool/riffle structures), with 
frequent changes in substrate. 
2. The embeddedness component needs to be re-categorized.  The current categories of 
completely exposed, partially exposed, mostly embedded and completely embedded do not 
allow enough variance, as the two middle categories are similar (change partially exposed to 
partially embedded or use % embeddedness). 
As RASCAL is more widely utilized within watershed projects, suggestions from users will 
undoubtedly fine-tune the assessment.  In addition, work is being done on modifying the survey to 
apply to urban watersheds. 
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Chapter 4.  Utilizing terrain indices to appropriately place riparian buffers within the 
Squaw Creek Watershed 
 
Introduction 
Prioritization of sensitive areas for conservation practice establishment in a watershed has 
become increasingly important because of budget constraints on such practice implementation.   
Watershed-scale assessments are increasingly being utilized to identify locations areas of greatest 
concern.  Such assessments must include the status of the stream corridor along with the conditions 
of the upslope drainage area.  These sensitive areas, defined as stream lengths with large 
contributing areas and local topography conducive to practice establishment, have a high potential for 
reducing sediment loadings to receiving waters.  This assessment component sought to understand 
where in the landscape riparian buffers would be most efficient and to identify conservation buffer 
programs that could be applied to those areas.  The goal was to develop a tool that utilizes terrain 
analysis indices to place riparian buffers in highly sensitive areas, recognizing that buffers are not 
equally effective at every site (Tomer 2003).   
This assessment is one component of the Watershed Project Planning Protocol (WPPP) 
being utilized to conduct an assessment of the Squaw Creek Watershed (SCW) in Webster, 
Hamilton, Boone, and Story Counties, IA.  Building on previous work, the protocol was adapted to 
address specific resource concerns in the SCW, to address the large scale of the project, and to 
integrate new tools to assist in prioritizing practice implementation.  Phase I of the WPPP included 
identification of local water quality concerns and setting of objectives.  This phase was completed in 
2005 and incorporated input from the Boone, Hamilton and Story County Soil and Water 
Conservation Districts (SWCDs), Prairie Rivers Resource Conservation and Development (RC&D), 
and other local stakeholders.   This partnership was then successful in acquiring a Watershed 
Protection Program Development Grant from the Iowa Department of Agriculture and Land 
Stewardship (IDALS) to conduct a watershed assessment on the SCW utilizing the WPPP format. 
The prioritization process described in this chapter further developed Phase II of the SCW’s WPPP. 
 
Riparian buffers 
For purposes of this project, the main conservation practice focused on for implementation is 
the riparian buffer.  Land located adjacent to streams planted in perennial vegetation such as 
grasses, shrubs and trees protects water quality by filtering out nutrient loaded sediment and 
dissolved agricultural contaminants and stabilizes banks by providing root structure and additional 
organic matter to the soil (Lee 1999; Zaimes 2004).  The filtering provided by the riparian buffer 
becomes most important in the context of this work in that terrain analysis was used to identify areas 
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where sedimentation was a problem and areas where that sediment could be settled out within the 
vegetation, thereby reducing sediment transport to receiving streams. 
 To optimize riparian buffer placement, the contributing area to that stream length in question 
must be assessed.  Generally, it would be most efficient to filter a large contributing area versus a 
small contributing area to gain the greatest benefit for the money spent.  Erosion from larger 
contributing areas has a greater opportunity to carry with it more sediment and pollutants to the 
stream (Tomer et al., 2003).  In addition, the velocity of the erosion coming to the riparian buffer 
needs to be slowed, allowing suspended contaminants to settle out before reaching the stream 
(Schultz et al., 2004).  In order for this to occur, a small local slope is necessary along the stream 
length.  Areas with a steeper grade required a wider buffer to accomplish the same goal. 
 
Stream Management Unit development 
To identify optimal riparian buffer placement, land adjacent to streams was delineated into 
stream management units (SMUs).  An SMU is defined as land adjacent to a stream that is 
delineated into polygons, which are unique to the land ownership.  These polygons extend 55 meters 
(180 feet) from the edge of the stream into the adjoining field.  This distance is based on the criteria 
for a maximum width buffer allowed by the USDA-FSA Conservation Reserve Program, conservation 
practices 21 and 22 (filter strip and forest riparian buffer respectively).  This concept was developed 
from the idea that once buffers were targeted for specific areas, it is then the goal to approach 
landowners with recommendations for those particular conservation practices.  The development of a 
stream management unit is illustrated in Figure 4.1.   
 To determine which SMUs would be most appropriate for riparian buffers, terrain analysis 
was conducted on the digital elevation model (DEM) of the Squaw Creek Watershed.  This DEM, 
developed at a resolution of 30 meters, is utilized to determine the flow pathways for runoff within the 
watershed.  Various tools within ArcMap allow one to delineate the watersheds used for analysis.  
Utilizing the spatial analyst extension’s hydrology tools, the pits were filled in the DEM eliminating any 
artificial sinks, flow direction determined and flow accumulation calculated. 
 From the outputs of the terrain analysis, contributing areas of the SMUs can be delineated 
utilizing hydrology tools within ArcMap.   Necessary inputs are a flow direction raster file and a raster 
file of the SMUs.  This SMU raster file provides a destination for the flow, calculating a watershed for 
each individual stream management unit which is achieved by converting the polygon shapefile to a 
raster grid using spatial analyst.  These steps are outlined in Table 4.1. 
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Figure 4.1.  Development of stream management units (SMUS) a. delineated stream network, b. 
stream network with 180 foot buffer, c. buffered stream network with common land units and d. 
stream network broken into stream management units 
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b. 
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Table 4.1.  Initial terrain analysis of watershed to determine contributing areas of stream 
management units.  All tools available through ArcGIS v. 9.2 spatial analyst extension hydrology 
tools. 
 
Terrain analysis 
After identifying stream management units, the next step in terrain analysis was applied to 
determine proper placement of riparian buffers.  The two concepts used for determination, were the 
watershed size with its potential for erosion and the local slope for the area where the buffer would be 
placed.  To calculate the effect of these factors in the management areas, the Revised Universal Soil 
Loss Equation and the Topographic Wetness index was used.   
 
Revised Universal Soil Loss Equation (RUSLE) 
The RUSLE equation estimates the potential for erosion from a field taking into account local 
precipitation, soil conditions, topography, tillage practices and existing conservation practices (Renard 
1991).  The values utilized in this study came from the initial watershed assessment landuse 
inventory conducted in the fall of 2006 (Chapter 2).  For accurate RUSLE values, annual data 
collection of the C and P factors is necessary. 
A = R * K * LS * C * P 
where: 
 A = estimated average soil loss in tons acre-1 year-1 
 R = rainfall-runoff erosivity factor 
 K = soil erodibility factor 
 L = slope length factor 
 S = slope steepness factor 
 C = cover management factor 
 P = support practice factor 
 Total soil loss calculated from this equation only took into account rill and interrill overland 
flow erosion and did not include gully erosion from the upslope contributing area.  A large assumption 
in this equation is that input values of each factors accurately represented the conditions found in the 
Process Input Reason Output 
Fill  30 M DEM  raster To fill artificial sinks Filled 30 M DEM 
raster 
Flow direction Filled 30 M DEM raster To determine direction 
of flow 
Flow direction raster 
Flow accumulation Flow direction raster To determine total flow 
into each grid 
Flow accumulation 
raster 
Watershed Flow direction raster 
SMU raster 
To determine 
contributing area of 
SMU 
Watersheds of each 
individual SMU 
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field (Renard 1991).  This became most important with the R, K and LS factors, which commonly 
come from generalized data tables and soil maps.  Once again, to ensure the most accurate 
measurements, the C and P factors should be determined by field inspection.   
 To most accurately represent sources of erosion to Squaw Creek, values obtained in the 
sediment delivery calculations in Chapter 2 were used.  Instead of analyzing gross erosion, this 
procedure used total delivered sediment to the SMUs on an annual per acre basis.  To determine 
this, a zonal statistics table was developed utilizing individual SMU watersheds as zones, and the 
total delivered tons acre-1 year-1 raster file as data.  This process was conducted utilizing the zonal 
stats as table function within the spatial analyst extension zonal tools in ArcMap (Table 4.2).  To 
symbolize the levels of sediment entering the SMUs, the zonal stats table was joined with the SMU 
table to create a value field which includes sediment values.  After the field was added and 
calculated, the join can be removed and the SMU shapefile displayed using the new sediment 
delivered field.        
 
Table 4.2.  Steps for calculating sediment load to stream management units 
 
1. Perform a zonal stats as table 
a. Delivered sediment raster file 
b. SMU watershed zones shapefile 
2. Join zonal stats table to SMU table 
3. Add field in SMU table (delivered sediment) 
a. Calculate ‘delivered sediment’ field in field calculator 
b. Delivered sediment = MEAN (field from zonal stats table) 
c. Remove join from SMU table 
4. Symbolize SMUs according to new delivered sediment value 
 
To distinguish ranges in delivered sediment, the values were divided into three categories; 
delivered sediment <0.05 tons acre-1 year-1, 0.05-0.1 tons acre-1 year-1 or >0.1 tons acre-1 year-1.  
These values were based on an average delivered sediment value for the drainage basin of the 
individual SMU.  Figure 4.2 illustrates the distribution of delivered sediment values to the SMUs 
throughout the SCW.   
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Figure 4.2.  Delivered sediment load to stream management units in tons acre-1 year-1 within Squaw 
Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa  
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Topographic Wetness Index (TWI) 
A topographic wetness index was utilized to identify landscape positions with large 
contributing areas and small local slopes adjacent to the stream.   
ω = ln (As \ tanβ) 
where: 
 ω = wetness 
 As = specific catchment area (m2/m) 
 tanβ = slope in degrees 
This scenario allows the capture of a large contributing area coupled within a topographic location 
amenable for the treatment of the sediment and pollutants.  The wetness index equation, developed 
by Beven and Kirkby (1979) had been applied to similar buffer placement studies.  Tomer (2003) and 
Burkart (2004) have both argued that a high wetness index indicates an appropriate location for 
riparian buffers.   
One main assumption within the TWI is that erosion will be more extensive on saturated soil 
than unsaturated soil in the same area.  Other assumptions include, as summarized by Wilson and 
Gallant (2000): 1. downslope subsurface discharge is the product of average recharge and specific 
catchment area; 2. local hydraulic gradient can be approximated by local slope; 3. saturated hydraulic 
conductivity of the soil is an exponential function of depth; 4. conditions are steady-state; 5. soil 
properties are spatially uniform; 6. areas of similar TWI values will have similar relationships with the 
local depth to the water table and mean depth; and finally 7. areas with the same TWI values will 
respond in a similar way to the same inputs.  As a unit-less value, the topographic wetness index is 
analyzed in the context of finding the wettest or driest areas within the study area instead of trying to 
bring meaning to specific values. 
The flow accumulation raster grid was utilized to calculate the wetness indices of the stream 
management units. .  To account for the size of each grid intercepting flow, the raster file was 
multiplied by 900 (square meters in grid) using the raster calculator.  Next, the filled DEM generated 
earlier was processed to find the slope in degrees.  The following equation was then used to 
represent the wetness indices throughout the entire watershed: 
 ln (flow accumulation calculation raster file / degree slope raster file) 
Once again, the zonal stats as table function was used to symbolize varying degrees of 
wetness within the SMUs.  The input raster was the wetness calculation just developed, however the 
zones this time were SMU shapefile instead of the SMU’s watershed shapefile.  To find areas with a 
small local slope, it was only necessary to evaluate the area where the buffer would potentially be 
installed (Table 4.3).   As stated earlier, the unit-less TWI only allowed an interpretation of the range 
of wetness in the study area, therefore, the values were evenly divided between <8, 8-10, >10 as low-
high categories (Figure 4.3).  
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Table 4.3.  Steps for calculating Topographic Wetness Index within stream management units 
 
1.) Zonal stats as table 
a. Wetness grid raster file 
b. SMU shapefile 
2.) Join zonal stats table to SMU table 
3.) Add field in SMU table (wetness) 
a. Calculate wetness field in field calculator 
b. wetness = MEAN (field from zonal stats table) 
c. Remove join from SMU table 
4.) Symbolize SMUs according to new wetness value 
 
 
Landuse 
RUSLE values and topographic wetness indices are good indicators of sensitive areas along 
the stream corridor; however, synthesizing these two values makes the analysis much more complete 
by taking into account the upslope drainage area and the local conditions in the stream management 
unit.  Furthermore, taking into account existing stream corridor landuse further prioritized areas, 
putting less emphasis on lengths of stream that may already have an appropriate buffer width of 
permanent cover.  Likewise, areas that were being grazed or cropped close to the stream were 
placed with a higher emphasis.  Landuse was categorized using the aerial survey described in 
Chapter 3 and were placed in the following categories; permanent cover (trees or grass), other 
(farmstead, residential, commercial), or cropland and or pasture (timber or grass).  Landuse in the 
stream management corridors are represented in Figure 4.4. 
 
Project overlay 
A weighted overlay function was used to combine the three data layers.  This function 
combined the calculated delivered sediment, wetness and landuse grid values of each SMU raster to 
identify the most sensitive areas in the watershed for riparian buffer placement.  This tool also 
allowed for varying weighted percentages to be given to each individual factor as long as the total 
weight equaled one hundred percent.  Results of the weighted overlay are illustrated in Figure 4.5 
and conditions are explained in Table 4.4. 
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Figure 4.3.  Topographic wetness index values within stream management units throughout Squaw  
Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
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Figure 4.4.  Landuse within stream management units throughout Squaw Creek Watershed in Boone, 
Hamilton, Story and Webster Counties, Iowa 
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Figure 4.5.  Prioritization of stream management units within the Squaw Creek Watershed in Boone, 
Hamilton, Story and Webster Counties, Iowa 
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Table 4.4.  Explanation of low, moderate or high prioritization created by a weighted overlay utilizing 
landuse, the topographic wetness index and sediment delivery estimates for stream management 
units within the Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
 Low priority Moderate priority High priority 
Sediment delivery <0.05 tons acre-1 year-1: 
SMU receiving less 
than average sediment 
load for watershed 
0.05-0.1 tons acre-1: 
SMU receiving about 
average sediment 
load for watershed 
>0.1 tons acre-1 year-1: 
SMU receiving greater 
than average sediment 
load for watershed 
Topographic 
wetness index 
<8: small drainage area 
to the SMU with a high 
slope within the SMU 
8-10: medium-sized 
drainage area to the 
SMU with a moderate 
slope within the SMU 
>10: large drainage 
area to the SMU with a 
high slope within the 
SMU 
Landuse Permanent vegetation: 
riparian corridor already 
established with 
permanent vegetation, 
grass or trees 
Other: riparian 
corridor is a 
farmstead, residential 
or industrial area 
Cropland or pasture: 
riparian corridor is 
being row cropped or 
grazed (grass or 
timber) 
 
Results 
Of the seven HUC 12 sub-watersheds within the Squaw Creek Watershed, only five were 
analyzed for purposes of this study.  The northernmost two, Drainage Ditch 192 and Crooked Creek 
3, only included stream networks located within drainage districts. Because of differing management 
strategies for these riparian corridors, they were omitted.  This left nearly 200 kilometers, or just over 
120 miles of stream corridor to assess.   
In all five sub-watersheds, the moderate priority category was the dominant classification 
(Table 4.5).  For individual watersheds, one result that stood out is the low percentage of Onion 
Creek stream corridor in the lowest priority category, suggesting that many areas in that sub-
watershed could greatly benefit by riparian buffer establishment.  Worrell Creek and Crooked Creek 3 
were found to have the most stream length in the highest priority category, although Montgomery and 
Onion Creek were both found to have nearly 20% of stream length in the highest priority 
classification.  These results corroborate erosion data calculated in Chapter 2, further stressing those 
areas needing prioritization.  Onion Creek continued to be a sensitive area within the watershed, 
however, in this study; Worrell Creek and Crooked Creek 3 were also identified as sub-watersheds 
that could benefit from BMP establishment (Figure 4.6). 
 Beyond knowing the amount of erosion and sediment delivery in the SCW, this tool allows 
conservation professionals to target areas where placement of riparian buffers would be appropriate.  
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Coupled with the ability to tie those SMUs back to individual landowners, this tool expedites the 
process to prioritize conservation resources.  
 
Table. 4.5.  Priority classification within five sub-watersheds based on sediment delivery estimates, 
wetness indices and landuse in Squaw Creek Watershed located in Boone, Hamilton, Story and 
Webster Counties, Iowa 
 
Discussion 
Riparian buffers are a BMP strategy that helps address the effects of row crop agriculture in a 
watershed by intercepting runoff from the fields and assisting in trapping both nutrient rich sediment 
and other agricultural pollutants.  Because funding is limited for such practices and not all producers 
can commit maximum acres, it is of great importance to prioritize practice implementation.  Analyzing 
watershed terrain according to erosion and wetness variables allows prioritization by highlighting 
those areas along the stream that have a large contributing area with an appropriate slope for buffer 
treatment, and which may not already have permanent vegetation in the riparian corridor.  Also, 
staying abreast of conservation programs available will keep many options open to producers who 
may take advantage of such programs. 
Several programs are available through federal, state and non-governmental organizations to 
assist landowners in implementation of best management practices (BMPs) such riparian buffers.  
One popular program, which was used to set parameters for the SMUs, is the USDA-FSA 
Conservation Reserve Program’s (CRP) conservation practice 22, or the forested riparian buffer.  
CRP conservation practice 21 (filter strip) is another option for producers who wish to include only 
herbaceous plants within a streamside buffer.  Both of these practices required a signed contract that 
commits the land to the set-aside program for a set amount of years.  Producers received rental 
payments for the acres in reserve, along with cost share incentives to purchase and plant the  
Watershed 
name 
Stream 
miles 
analyzed 
Stream 
miles 
Low 
priority 
% of total 
length 
Low 
priority 
Stream 
miles 
Moderate 
priority 
% of total 
miles 
Moderate 
priority 
Stream 
miles 
High 
priority 
% of total 
length 
High 
priority 
Crooked 
Creek 3 30.0 3.7 12.5% 23.2 57.4% 8.6 29.1%
Montgomery 
Creek 33.4 8.2 24.6% 19.2 57.5% 6.0 18.0%
Lundys 
Creek 30.1 6.6 21.9% 20.5 68.1% 3.0 10.0%
Onion 
Creek 20.8 0.6 2.9% 16.3 78.4% 3.9 18.8%
Worrell 
Creek 7.9 1.1 13.9% 4.1 51.9% 2.7 34.2%
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Figure 4.6.  Distribution of stream corridor priority throughout Squaw Creek Watershed in Boone, 
Hamilton, Story and Webster Counties, Iowa  
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vegetative cover they choose to include in their buffer.  Other programs available through the USDA 
Natural Resources Conservation Service (NRCS), Iowa Department of Natural Resources (IDNR) 
and USDA Forest Service are summarized in Table 4.6. 
 
Table 4.6.  Government programs available in Iowa for funding conservation practice implementation 
 
Program   Funding Agency   Practices 
 
Conservation Reserve  USDA-FSA    CP-21, 22 
Program (CRP)        -Grass filter strip 
-Riparian forest buffer 
 
Environmental Quality  USDA-NRCS    -Riparian forest buffer 
Incentives Program (EQIP) -Filter strip 
 -Stream bank protection 
 -Forest stand improvement 
 
Wildlife Habitat                            USDA-NRCS -Same as EQIP 
Incentives Program (WHIP)  
 
Forest Land Enhancement          Iowa DNR -Develop/implement  
Program (FLEP) forest management plan 
 -Riparian forest buffer 
 
State cost-share                          IDALS-DSC -Erosion control 
 -Sediment reduction 
 
The efficiency in calculating these variables at the watershed scale within a geographic 
system environment was proven to be a time-effective method to prioritize riparian buffer placement, 
especially when the erosion data had already been calculated.  However, prior to buffer 
establishment, appropriate verification at the site scale should to ensure model results are accurately 
depicting field conditions.  The main focus of this study was to highlight sensitive areas in terms of 
sediment load and buffer efficiency.  However, other terrain, soil or landscape factors could be 
applied in the same fashion according to the goals of a particular area.   
 Two limitations are applicable to this study, also noted in Herring (2005).  First, the terrain 
analysis conducted in this study only depicted hydrological processes occurring on the surface and 
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did not take into account groundwater flow or subsurface flow in drainage tiles.  Secondly, the quality 
of elevation data available to this study limited the accuracy in delineating flow direction, 
accumulation and drainage areas of the SMUs.  This analysis utilized a 30 m digital elevation model 
derived from the National Elevation Dataset (USGS 1999).  For broad assumptions made across the 
landscape, this resolution level may be sufficient.  However, use of a terrain model of the study area 
at a much greater resolution (sub-meter accuracy), such as realized with LIDAR technology, would 
greatly benefit such assessments.   
 This terrain analysis should be seen only as a model, which could be modified, added to and 
manipulated.  Other factors specific to the goals of a particular watershed could be easily utilized to 
either replace the variables used in this project or add to them to gain a more precise prioritization.  In 
addition, the 180 foot buffer applied to this model is by no means the only buffer size that could be 
used.  Rather, this should be changed according to specific project objectives, as was the CP-22 
utilized in this study.  Furthermore, to increase options for producers, varying widths could also be 
utilized to provide flexibility in conservation management.  Finally, stream corridors are not the only 
manageable areas within a watershed.  These concepts, along with practice standards for BMPs 
such as grassed waterways and terraces, could be used to target in-field areas in need of 
conservation.  Such establishment would provide in-field treatment before the runoff reaches the 
stream.  Undoubtedly, the combination of edge-of-field buffers and waterways or terraces could 
provide the best scenario to ameliorate sediment and pollutant loadings to receiving waters. 
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Chapter 5.  Utilization of the IOWATER program to assess water quality parameters 
within the Squaw Creek Watershed 
 
“To protect and improve Iowa’s water quality by raising citizen awareness about Iowa’s watersheds, 
supporting and encouraging the growth and networking of Iowa’s volunteer water monitoring 
communities, and promoting water monitoring activities as a means of assessing and understanding 
Iowa’s aquatic resources.”  –IOWATER’s Mission Statement 
 
Utility of water quality testing in watershed assessments 
Local interest in water quality has spurred the development of numerous volunteer monitoring 
groups, all of which have greatly contributed to the data available on the integrity of surface water 
(Kerr 1994).  An intergovernmental task force found over 500 volunteer water monitoring groups in 
the United States (USGS 1995).  This public participation has become increasingly important in the 
monitoring of water resources as financial restraints on government agencies has passed the 
responsibility of monitoring over to local citizens.  Unfortunately, with the transferring of responsibility, 
little financial compensation has occurred to keep these groups thriving (Sharpe 2006).   
 A major concern with these volunteer groups has been the validity of the data collected by 
their efforts.  Literature has shown, however, that water quality assessments conducted by trained 
volunteers correlates well with professionally collected data for both physical and chemical 
parameters (Fore 2001, Engel 2002 and Nicholson 2002).  This confidence has allowed volunteer 
data to fill in the holes of water quality databases held by government agencies.  In fact, for the 
303(d) list of impaired water bodies, the US EPA (1999) explicitly states that all biological monitoring 
data from volunteers should be analyzed as “existing and readily available data”.  To maintain this 
assurance, however, standardized protocols must be utilized with a heavy reliance on Quality 
Assurance/Quality Control (QA/QC) or the use of a Quality Assurance Project Plan (US EPA 2004) to 
guideline monitoring practices (Sharpe 2006). 
Volunteer groups often arise out of the concern for local water quality.  Such a group was 
formed within the Squaw Creek Watershed (SCW).  The Squaw Creek Watershed Coalition (SCWC) 
is comprised of a group of citizens whose goals are “to provide leadership in protecting and improving 
the environmental health of Squaw Creek Watershed by facilitating cooperative involvement of urban 
and rural residents in raising public awareness and promoting educational programs and targeted 
actions” (SCWC 2007).  By sponsoring activities and educational programs within the watershed, they 
hope to increase the awareness of rural and urban pressures on the integrity of the stream.  In the 
attempt to gather data on Squaw Creek and its tributaries, many members have become trained 
volunteers of IOWATER, Iowa’s volunteer water monitoring program.  This has resulted in nearly sixty 
registered monitoring sites within the SCW that are sampled by over twenty volunteers.   
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IOWATER monitoring is one component of the Watershed Project Planning Protocol (WPPP) 
being used to conduct an assessment of the Squaw Creek Watershed (SCW) in Boone, Hamilton, 
Story and Webster counties, Iowa.  Building on previous work, the protocol was adapted to address 
specific resource concerns in the SCW, to address the large watershed size, and to integrate new 
tools to assist in prioritizing practice implementation.  Phase I of the WPPP included identification of 
local water quality concerns and setting of objectives.  This phase was completed in 2005 and 
incorporated input from the Boone, Hamilton and Story County Soil and Water Conservation Districts 
(SWCDs), Prairie Rivers Resource Conservation and Development (RC&D), and other local 
stakeholders.   This partnership was then successful in acquiring a Watershed Protection Program 
Development Grant from the Iowa Department of Agriculture and Land Stewardship (IDALS) to 
conduct a watershed assessment on the SCW utilizing the WPPP format. The water quality 
monitoring described in this chapter further developed Phase II of the SCW’s WPPP. 
 
Background of the IOWATER program 
The IOWATER program originated in 1998 as a cooperative effort of the Iowa Department of 
Natural Resources (IDNR), the Iowa Division of the Izaak Walton League, USDA Natural Resources 
Conservation Service (NRCS), and University of Iowa Hygienic Laboratory.  Its purpose was to 
organize volunteer water quality monitoring state-wide.  Representatives from these agencies formed 
an advisory committee to steer the direction of the organization.  Support for such a program came 
from the Iowa DNR, Nonpoint Source Management funds through Section 319 of the Clean Water 
Act, and from the Sportfish Restoration Fund provided by the U.S. Fish and Wildlife Service and Iowa 
Fish and Wildlife Trust Fund.   
 Many states and other agencies were consulted when the program guidelines were 
developed, and a manual was developed which served as a guideline for volunteer monitors.  By 
August of 1999, the first edition was distributed.  At this time, funding continued to come from the 
Clean Water Act’s Section 319 funds along with the Sportfish Restoration Fund.  Furthermore, a 
Resource Enhancement Protection (REAP) Conservation Education Program grant was awarded to 
the IOWATER project, which assisted in funding workshops, manual production and the development 
of a public database.   
In February of 1999, the Raccoon River Watershed project piloted the program by hosting a 
workshop to train volunteers.  The coalition was an established group who were already active in 
water quality monitoring.  Feedback from the initial workshop further developed the IOWATER 
program and from there, numerous training sessions were held state-wide to cater to other individuals 
and groups that were interested in developing a water quality monitoring program.  All registered 
IOWATER samplers had the opportunity to register a site or sites that they would monitor on a routine 
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schedule.  It was then the responsibility of that volunteer to sample, preferably on a monthly basis, 
and record all results at the IOWATER website.   
As part of the 2000 Clean Water Initiative, all volunteers trained by the IDNR for the 
IOWATER program, became “qualified volunteers” as long as their monitoring program’s QA/QC was 
ensured.  This allowed data collected by the volunteers to become credible data in accordance with 
Iowa’s Credible Data law.  Data collected could then be utilized to designate impaired waters within 
the state.  Furthermore, a statewide QAPP has been accepted for the IOWATER program, and 
groups such as the SCWC can now design their own QAAP to be run under the statewide project 
plan.   
In 2002, IOWATER added snapshot sampling events, which was an effort to organize all 
registered samplers in a given area to monitor their particular sites at approximately the same time on 
the same day.  This provided a “snapshot” of water quality for a watershed, such as Squaw Creek, 
and has even been expanded to include statewide snapshots.  These snapshots were meant to: 
• increase public awareness and involvement in water quality issues 
• collect baseline data for a geographic area 
• identify hot spots in the stream with elevated concentration of a particular parameter 
• use both field and lab methods for testing 
• test a variety of parameters; physical, chemical and biological 
• organize efforts throughout different times of the year with varying flow conditions 
Local organizers were in charge of the events, tailoring them to their watersheds and choosing sites 
to be sampled. 
 
Methods 
In cooperation with the IOWATER Program, water quality snapshots were conducted within 
the SCW on October 14, 2006 and May 12, 2007, concurrent with statewide snapshots on those 
days.  For the fall 2006 snapshot, 22 IOWATER trained volunteers sampled, with ten other non-
trained volunteers from the community and University assisting.  A total of forty-five sites were 
sampled throughout the entire watershed.  At the spring 2007 snapshot, twenty-five IOWATER 
trained volunteers along with ten non-trained volunteers sampled fifty-five sites within the SCW 
(Figure 5.1 and Figure 5.2). 
Pre-snapshot meetings were held before each event to inventory interest from IOWATER 
samplers and to review protocol of sampling procedures.  At these events, sites to be sampled were 
finalized.  In addition, each year a representative from IOWATER was present to address concerns 
and questions from the volunteers.   
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Figure 5.1.  IOWATER snapshot sites identified with Squaw Creek (sc) identification numbers in the 
Squaw Creek Watershed located in Boone, Hamilton, Story and Webster Counties, Iowa 
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Figure 5.2.  IOWATER snapshot sites identified with Squaw Creek (sc) identification numbers in 
Ames located in Story County, Iowa  
 
 
On the morning of each sampling event, all volunteers met in Ames, Iowa to receive their 
sampling sites, forms and bottles.  They were then given a three hour window of time to collect their 
samples and to return them.  All samplers were required to fill out a field information form (Figure 5.3) 
at each site.  In addition, they were provided with two sample bottles for each site, one for a water 
sample for nutrient analysis and one for a water sample for bacteria analysis, all of which were 
conducted at the University of Iowa Hygienic Lab (UHL).  IOWATER sampling and sampling transport 
protocol was utilized to ensure QA/QC to produce credible data.  Other than the physical parameters 
that were logged on the field data sheets, chemical parameters including ammonia-nitrogen, nitrate-
nitrogen, phosphate-phosphorus and E. coli bacteria were tested.  Due to financial constraints within 
the IOWATER program, ammonia-nitrogen testing was omitted for the 2007 snapshot. 
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The water quality parameters tested were to address the nutrient problems commonly found 
in Midwest streams and the bacteria issues associated with livestock and human waste effluent.  
Excessive nitrogen and phosphorus in the system can be traced back to land use management and 
in high amounts, attribute to the growing concern of the dead zone in the Gulf of Mexico where the 
process of eutrophication has depleted oxygen sources in the water through decomposition of plant 
material (Rabalais 2002).  The nutrients fertilize vegetation in the water and spur excessive plant 
growth.  Furthermore, high levels of nitrogen in drinking water can be detrimental to the health of the 
consumers, especially in infants and small children.  High concentrations of nitrates in the blood 
stream can lead to a condition called blue baby syndrome (Avery 1999).     E. coli is a bacteria strain 
(O157:H7) that when found in water supplies, serves as an indicator that either human or livestock 
fecal material is in the water.  Consumption of this bacterium can cause severe illnesses. 
 
Results 
Water samples were analyzed at the UHL and the results are presented in Table 5.1 and 5.2 
for the 2006 and 2007 snapshots respectively.  On average nutrients were higher in 2007 than 2006, 
although E. coli concentrations were lower.  Higher nutrient levels were found in low-ordered 
tributaries in the upper ends of the watershed, but the highest bacteria levels were found within or 
around the city of Ames during both years (Figures 5.4 through Figure 5.9). 
For E. coli bacteria, Iowa’s one-time maximum level is 235 CFU 100 mL-1 of water for 
streams that come in direct contact with humans (Class A).  Although the only designated use 
currently on Squaw Creek is a Class B, this is an appropriate standard to determine whether or not 
the stream could and should be used as a direct contact waterbody.  Average bacteria levels in 2006 
were well beyond the maximum levels at 535 CFU 100 mL-1 with twenty of the forty-four sites 
exceeding the water quality standard .  E. coli concentrations ranged from 20 to 5200 CFU 100 mL-1.  
In 2007, the range of E. coli values was from 10 to 890 CFU 100 mL-1.  Although the average level 
(188 CFU 100 mL-1), was below the maximum level allowed for Class A streams, eighteen of the fifty-
four sites had E. coli counts over 235 CFU 100 mL-1.   
Currently there are no nutrient standards for streams in Iowa designated as aquatic life use 
water bodies (Class B).  The only established benchmark is maximum nitrate-nitrogen for Class C 
(drinking water) streams that is set at 10 mg L-1.  In 2006, on average, the drinking water benchmark 
was exceeded at thirty-five of the sites, with an average of over 12.7 mg L-1.  Nitrate-nitrogen was 
higher in 2007, with the average at 13.7 mg L-1 and with forty-four of the sites surpassing that mean.  
Average phosphate-phosphorus was 0.07 mg L-1 and had a range of 0.02 mg L-1 to 0.11 mg L-1 with 
an outlier reporting 0.6 mg L-1.  In 2007, levels ranged from 0.03 mg L-1 to 1.4 mg L-1 with over half of 
the samples surpassing the highest level tested in 2006.  Furthermore, the average concentration 
doubled to 0.14 mg L-1.
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Figure 5.3.  Standard field parameter form used for IOWATER snapshots 
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Figure 5.3.  continued, field parameter form 
 77
  The US EPA has proposed ambient water quality recommendations for rivers and streams 
(2000).  These nutrient criterions include for total phosphorus a range of 0.0625 to 0.11813 mg L-1 
and for total nitrogen a range of 1.16 to 3.26 mg L-1.  In 2006, all but one site met the EPA 
phosphorus standard; however, only one site met the nitrogen standard.  Again in 2007, only one site 
met the maximum nitrogen level, but in this year, nearly twenty sites did not meet the maximum 
proposed phosphorus levels either.   
 
Discussion 
Water monitoring data collected through the IOWATER program provides credible data to the 
larger assessment conducted within the SCW.   Not only does it highlight “hot spots” in the watershed 
where there are excessive nutrient loadings to the stream, but also areas that, because of bacteria 
levels, may be harmful for human contact.  This data set over time will create a more informed 
watershed community, and can bring attention to the stream to address impairments or increase 
recreational use on the waterbody.   
 Spatial patterns in nitrate-nitrogen concentrations followed the same pattern in 2006 and 
2007.  Because of the extensive subsurface drainage networks within the watershed, the highest 
levels were found in lower ordered tributaries, many of which start out as tile outlets.  The spatial 
pattern in phosphate-phosphorus concentration was less defined.  In 2006, levels were higher in the 
more rural areas and lower in the urban; however, the same pattern was not as evident in 2007.  
Furthermore, the higher overall N and P nutrient levels in 2007 compared to 2006 could be explained 
by the higher rainfall and resulting run-off and tile flow that occurred.  In addition, the seasonal time 
difference of the sampling events would have an effect contrasting the May snapshot opposed to the 
fall time frame of the October snapshot that occurred closer to harvest.   
 For both sampling events, the highest E. coli bacteria levels were found within the city of 
Ames.  As a result of high levels found in fall 2006, ten extra sites were added in spring 2007 in an 
attempt to target the source.  Causes are still unknown and the decreased levels in 2007 over 2006 
are unexplainable, but frequent monitoring of these sites will be necessary to ensure the safety of 
those who are in direct contact with Squaw Creek and its tributaries.   
 Water monitoring groups, such as the SCWC, are a vital component of the ever-growing 
network of monitoring groups seeking to enhance available water quality data.  When such groups 
become certified as qualified samplers, their data sets are deemed credible and can be utilized in the 
determination of whether a water body is meeting its designated use.  In such cases, a QAPP 
(QAPP) must be developed to assure data credibility.  Undoubtedly, a continuation of sampling 
events, along with individual monthly monitoring will benefit the SCW and assist in better 
understanding the status of the water quality Squaw Creek and its tributaries and to direct future 
management. 
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Table 5.1.  IOWATER results for the snapshot that occurred on October 14, 2006 throughout the 
Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa.   
Collection Site 
Ammonia 
Nitrogen as  
N (mg L-1) 
E. coli  
(CFU 100 mL-1) 
Nitrate+Nitrite 
Nitrogen as N 
(mg L-1) 
Total 
Phosphate as P 
(mg L-1) 
sc1 <0.05 90 17 0.07
sc10 <0.05 170 14 0.04
sc11 <0.05 210 13 0.07
sc12 <0.05 180 14 0.11
sc13 <0.05 280 13 0.08
sc14 <0.05 100 13 0.05
sc15 <0.05 560 16 0.05
sc16 <0.05 170 13 0.05
sc17 <0.05 420 16 0.05
sc18 <0.05 200 14 0.05
sc19 <0.05 60 15 0.05
sc2 <0.05 110 16 0.06
sc20 <0.05 100 18 0.08
sc21 <0.05 170 16 0.05
sc22 <0.05 240 15 0.05
sc23 <0.05 810 3.7 0.09
sc24 <0.05 120 13 0.11
sc25 <0.05 420 14 0.03
sc26 <0.05 960 13 0.06
sc27 <0.05 55 14 0.02
sc28 <0.05 160 13 0.06
sc29 0.08 5200 2.2 0.6
sc3 <0.05 250 16 0.04
sc31 <0.05 2800 6 0.07
sc32 <0.05 330 6.5 0.06
sc33 <0.05 310 13 0.06
sc34 <0.05 270 7.9 0.06
sc35 <0.05 130 9.5 0.07
sc36 <0.05 64 13 0.05
sc37 <0.05 530 6.7 0.08
sc38 <0.05 240 6.8 0.06
sc39 <0.05 160 13 0.05
sc4 <0.05 110 9.2 0.05
sc41 <0.05 170 12 0.04
sc42 <0.05 150 14 0.04
sc43 0.06 300 12 0.03
sc44 0.14 4200 14 0.07
sc45 <0.05 540 17 0.07
sc46 <0.05 430 18 0.06
sc5 <0.05 140 14 0.07
sc6 <0.05 45 16 0.04
sc7 <0.05 20 14 0.05
sc8 <0.05 360 14 0.04
sc9 <0.05 200 15 0.05
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Table 5.2.  IOWATER results for the snapshot that occurred on May 12, 2007 throughout the Squaw 
Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa.   
Collection 
Site 
E. coli 
(CFU 
100 
mL-1) 
Nitrate + 
Nitrite 
Nitrogen 
as N  
(mg L-1) 
Total 
Phosphate 
as P  
(mg L-1) 
Collection 
Site 
E. coli 
(CFU 
100 
mL-1 ) 
Nitrate + 
Nitrite 
Nitrogen 
as N  
(mg L-1) 
Total 
Phosphate 
as P  
(mg L-1) 
sc1 40 16 0.18 sc35 150 11 0.13
sc10 300 16 0.12 sc36 170 8.7 0.1
sc11 160 15 0.08 sc37 190 15 0.1
sc12 220 17 0.12 sc38 130 9.4 0.09
sc13 430 15 0.15 sc39 240 15 0.11
sc14 270 15 0.13 sc4 20 12 0.06
sc15 470 16 0.14 sc40 240 15 0.11
sc16 240 15 0.14 sc41 27 13 0.14
sc17 40 19 0.06 sc43 240 15 0.08
sc18 240 15 0.13 sc44 140 14 0.08
sc19 63 17 0.08 sc45 90 17 0.12
sc2 10 16 0.13 sc46 10 17 0.14
sc20 81 18 0.07 sc48 160 15 0.07
sc21 45 18 0.07 sc49 290 8.5 0.13
sc22 90 16 0.06 sc5 120 18 0.05
sc23 30 8.1 0.03 sc50 190 15 0.15
sc24 190 14 0.11 sc52       <10 13 0.16
sc25 30 17 0.04 sc53 370 8.5 0.11
sc26 170 15 0.06 sc54 170 11 0.06
sc27 90 16 0.06 sc55 10 0.29 1.4
sc28 260 14 0.11 sc56 30 13 0.05
sc29 390 4.1 0.8 sc57 170 4.4 0.09
sc3 81 16 0.14 sc58 420 14 0.09
sc31 270 8.6 0.1 sc6 30 15 0.08
sc32 620 9 0.11 sc7 110 15 0.11
sc33 220 16 0.11 sc8 140 16 0.07
sc34 890 10 0.11 sc9 320 17 0.07
 
 
 
 
 
 
 
 
 
 
 80
Figure 5.4.  E. coli level results gained from IOWATER snapshot that occurred on October 14, 2006 
within the Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
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Figure 5.5.  Nitrate-N level results gained from IOWATER snapshot that occurred on October 14, 
2006 within the Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
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Figure 5.6.  Phosphate-P level results gained from IOWATER snapshot that occurred on October 14, 
2006 within the Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
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Figure 5.7.  E. coli level results gained from IOWATER snapshot that occurred on May 12, 2007 
within the Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
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Figure 5.8.  Nitrate-N level results gained from IOWATER snapshot that occurred on May 12, 2007 
within the Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
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Figure 5.9.  Phosphate-P level results gained from IOWATER snapshot that occurred on May 12, 
2007 within the Squaw Creek Watershed in Boone, Hamilton, Story and Webster Counties, Iowa 
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Chapter 6.  General Conclusion 
 
Non-point source pollutants are a dominant threat to aquatic ecosystems in agriculturally 
dominated watersheds of the Midwest.  Erosion and run-off from crop fields not only lowers the 
productivity of the field, but also transports sediment and attached nutrients or other agri-chemicals to 
receiving waters.  In-field and edge-of-field best management practices (BMPs) have long been 
recognized as efficient ways to alleviate sediment impacts; however, prioritizing placement of these 
BMPs is critical to efficiently utilize allocated resources.    For that reason, a four-part watershed 
assessment was conducted within the Squaw Creek Watershed (SCW).  
The four components of the SCW assessment described work towards completing Phase II 
of the Watershed Project Planning Protocol (WPPP).  The first component inventoried land cover and 
tillage management practices throughout the landscape, allowing for calculation of erosion and 
sediment delivery estimates and highlighting sources of sediment.  The second component utilized 
the Rapid Assessment of Stream Conditions Along Length (RASCAL), to assess in- and near-stream 
assessment stream conditions, including riparian landuse and stream bank stability.  The third 
component utilized a geographic information system (GIS) and terrain indices to develop a riparian 
buffer placement tool to locate stream lengths intercepting high sediment loads and providing optimal 
conditions for the placement of riparian buffers.  The final component utilized the IOWATER volunteer 
water monitoring program to assess water quality parameters including nitrate-nitrogen, phosphate-
phosphorus and E. coli.   
Findings from this work will direct more focused assessments and guide future watershed 
management with the intent to place BMPs to alleviate the effects of NPS pollutants.  Existing 
watershed assessment protocols utilized by State and Federal agencies in Iowa were developed for 
use in smaller watersheds than the SCW.  Because of the size of the SCW, which drains nearly 
60,000 hectares (150,000 acres) in central Iowa, existing protocols were modified with the goal of 
targeting priority sub-watersheds as well as specific stream reaches in need of conservation practice 
establishment.  Working and analyzing data at the level of a HUC 12 sub-watershed allowed for a 
more detailed study.  
 This assessment emphasized erosion and sediment delivery estimates calculated using the 
Revised Universal Soil Loss Equation (RUSLE) and the Sediment Delivery Ratios (SDRs).  The 
Onion Creek sub-watershed was identified as the sub-watershed contributing the greatest sediment 
load to Squaw Creek on an annual per acre basis.  To further prioritize sub-watersheds or stream 
lengths of interest, RASCAL and the riparian buffer placement tool were utilized.  Finally, results from 
the IOWATER volunteer monitoring added further to the available data on the SCW and provided 
insight to the water quality conditions in Squaw Creek and its tributaries.   
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 All of the methods utilized in this assessment could stand alone, although to prioritize work in 
sub-watersheds, utilization of all four would be best as they assess the diverse conditions and 
stressors occurring throughout a watershed of this size.  When work started on the SCW, little was 
known about the potential threats to stream integrity, but through completion of each component, 
concerns began to surface and a better understanding was gained on how the landscape and 
management of landscape was affecting riparian and stream conditions.   
 In watersheds the size of SCW or larger, assessments must be broken down to a 
manageable scale.  This provides for a more thorough assessment and allows prescriptions to be 
made with greater precision.  Undoubtedly resources will not allow for all sub-watersheds to be 
assessed in great detail, but utilization of one of these components can identify critical areas.  
Furthermore, utilization of the aerial rapid geomorphic assessment employed in this project is an 
efficient way to identify critical areas in a steam corridor.   
 For the SCW, it is proposed that further work be focused on the Onion Creek Watershed.  
Not only did it contribute the highest delivered sediment load to the system, but the RASCAL survey 
showed evidence of failing stream banks and the buffer placement tool marked it as a high priority for 
riparian practice establishment.  Completion of the RASCAL survey and further analysis of the aerial 
videography in this sub-watershed would further prioritize conservation practice establishment.   
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